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Annual Report of iJB Geolooical Survey of India, and of the Geological 
Museum, Calcutta, for the tear 1884 , 


Billa StTROAM Caves : 
JUr. Foole. 


The Peninsula area .—In Southern India Mr. Foote be^fan tho 8ea.son’s work 
in continna^ion of the cave exploration in the Karnnl 
District, but in tho middle of it he was called upon to 
UTidertako an exploration for coal along an intended lino 
of railway between Hyderabad and the Kistna. Fortunately we were able to secure 
the services of Jjis son, l<te&tenant H. B. Foote, R.A., whp had been for somo 
time helping his father as an amateur cave-huntei*. An interesting preliminary 
aecauYit of the i-csult i.s published in the last number of the Records. It is on the 
whole encouraging; a large number of bones have been secured, some of animals 
that do*not now inhabit this region, some human remains and articles of human 
nianufactare, the latter at tho considerable depth of 10 feet, but nothing to show 
that the caves had ever been iisc*d as dwellings or as a platjo of sepulture. Ar¬ 
rangements have been sanctioned for carrying on tho work during the present 
season, afhT which a close examination of the whole collections should determine 
whether tho seal’d! is worth continuing. 

Tho country between Bezvdda and tho Singaroni coal-field, and from the 
latter to Hyderabad, where Mr. Foote was sent to look for 
co^'iu*H'*dcriW?'* coal, proved, as wo expected, to bo all of gneissic rocks. 

Tho only reward for his labour was tho discovery of a 
strong lode of rich iron ore close to the Sin^areni coal-field. An account of the 
traverse is published in the cnmmt number of the Records. 

AS stated in last yeai*’s repiMt, Dr. King took upjwork in the series of coal- 
CuuATTisti.viiu COAL- tields on the north-east confines of Chhatlisgarh, c.specially 
fiulds: with a view to exploi’ation for coal near flie line of the 

Dr. King. • projected Nagpur-Bcugal Railway. The results of his 


Itecord's of the Geological Survey of India. 


[vOL. XVIII. 


survey are published in the Records (XVIT, part 3). It would be irppossible to 
give any further opinion on the moasui-es until some trial 'borings have been 
made; they are now being sunk under Dr. King’s direction. 

The promises made in last year’s report regarding the Rewah coaUfields have 
Thk Rkwah coal. successfully accomplished. The shafts put 

riKLba.-n down on the coal in the Umaria field under Mr, Hughes’ 

Mr. Hwffhet. direction have fully satisfied his expectations, and ener¬ 

getic steps are now being taken under Mr. Hughes’ management to establish an 
extensive colliery there; and a branch railway from Katni on the Jabalpur line 
is under construction. Mr. Hughes’ "n^olo service (since 18(32) has'been spent 
on the Gondwana rocks, and it is most pleasing and appropriate that so fijiiitful 
a practical result should be in a very special manner due to his sagacity and j>er- 
severancc. During last season Mr. Hughes also managed,l^o complete the examina¬ 
tion of the southern coal-fields of the Rewah Gondwana basin. The total area of 
exposed coal measures 'is no less than 1,8CK) square miles. The descriptive memoir 
with maps is now in the press, 

Mr. Jones joined Mr. Hughes in January. He has this season been deputed* 
to survey the Pench coal-field on the south side of the Satpura basin. 

Sub-Assistant Hira Lai gave satisfactory aid to Mr, Hughes in his survey 
operations. He has now been transferred to Dr. King. 

In the past season Mr. Bose took up new ground, in the basin of the ugper 
Lower ViirnHTANS, Mahanadi. He covered a large area, but I regret to say 
OuiiATTiBOARii: the result is exceedingly unsatisfactory. For bis work 

Mr. Bote, Nimar there was an excellent sketch survey by Mr. Blan- 

ford to start with, and the rocks presented no strifctural complications ; Mr. Bose 
has moreover such facility in expre.s.sing himself and in settingup a description Jthat 
there was little or no room for the detection of ^rroixii^nm a perusal of his report, 
beyond such general defect of scientific Insight as I have noticed in the Preface 
to Mr. Fedden’s Kattywar report (Memoirs, XXT, part 2). In Ohhattisgarh, 
Mr. Bose had to bi’eak ground for himself; and although this is by no means com¬ 
plicated, his attempt even to understand the problem of the i-ocks is extremely 
feeble; his map is no more than a lithological index; there is a total absence of cri¬ 
tical observation. In disemssing the question of the employment of natives on the 
Geological Survey of India, I have had frequent occasions to point out that our 
work is essentially scientific research and docs not admit of being done by rule, wHh 
little or no undei'standing ; and that if not within measurable range of modern 
scientific standards it is worthless; on the other h<^d I mentioned the fact that 
as yet no single instanep had occurred of a native showing him.clf capable of 
original scientific work, the conclusion being that the Geological Survey was about 
the only branch of ttys public service in which natives could not as yet reason¬ 
ably find employment. I fear that Mr. Bose is no exception to this rule, al¬ 
though he has had the advantage df the best teaching in the scientific schools 
of England. It is quite a Darwinian puzzle. ' ' % 

Sub-Assistant Kishen Singh mapped a considerable aipa of Vindhyan rocks 
south of Bundi in R^jput&na, but it would be impossible to make out a present¬ 
able description of the country from his notes. 
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The extra-Peninsula area. —Mr. Oldham has sent in fall progress reports of 
OaTBB niiciiiATA • ' season’s work in the Himalayan region, embracing a 

Mr. Oldham. Section from the plains to the base of the main range. In 

the Sab-Himalayan zone the following interesting points 
have been fixed: the re-discovery of one of Colonel Cautley’s most important loca¬ 
lities for fossils, at the. entrance to the Kalawala Pass (Records, 188^, p, 78); the 
detection of an unconformity in the upper Siwalik strata east of the Ganges 
(Records, 1884, p. 161), which later in the season he traced in the range west of 
the Ganges; but chiefly there has to be noticed a judgment upon ^he ‘ main bound¬ 
ary,’ that of tjie old rocks at the inner *^edge of the tertiary zone. This has 
been a very burning question, as may bo seen by reference to Mr. Theobald’s 
paper on the Siwaliks (Records, ‘XIV, p. 105); but since the correction by Mr. 
Oldham in 1881 of a cer^in “key section’’ near Nahan (Records?, XIV, p. 173) 
the particular view taken by «ne of the main boundary has lost its chief support, 
and the view now offered cannot be forcibly contested. The point is discussed 
with reference to the section in the Nun stream under Mussooree. In the 


original description of that section in 1864 (Memoirs, III, 2, p. 128) it is left 
very much an open question ‘whether all the rocks there are not Siwaliks, as 
Mr. Theobald (Z.c.) subsequently asserted them to be, and as Mr. Oldham now 
re-affirms. As regards the main boundary, the ‘ key ’ aforesaid made it a very 
plausible supposition thaHhis feature was an original contact, albeit much disguised 
by subsequent compression and faulting, whereas Mr. Oldham, by showing inver¬ 
sion of the inner rocks at the boundary, and other fair ai^uments, makes out the 
boundary to be a faulted synclinal flexure; though it does not appear that he supposes 
the original limit of the SiwaUk* rocks to have been far north of the actual 
boundary, So that the change of view is not so great as it might seem. When the 
feature was first difcussed the choice seemed to lie between the view then taken 
and sheer faulting (including under this term the reveised faulting along oblique 
plains, of fracture in the axes of-folded flexures); Mr. Oldham also rejects the 
reversed fault, in its plain form, on account of the absence of the crushing that 
presumably must occur, and adopts “ the supposition of a faulted synclinal flexure 
in which the disturbance of the original relations has taken place mainly by the 
older rocks being pushed up over the newer, according to Professor Heim’s theory, 
rather than by an actual shifting of the opposite faces of a fissure.” The dis¬ 
tinction, in words, is not obvious; and it is very diflicult to imagine the process, 
seeing that the rocks on either side of the dividing plain retain their respective 
structures; but somehow such contacts are brought about with little or none of the 
grinding action that would seem inevitable. Another very interesting point is 
the discovery of an outlier of Siwalik sandstone resting on crumpled slates in a low 
hill north-east of Dehra. With the single exception of a case noticed by Mr. 
Mallet in the Bhutjln Dudrs (Memoirs, XI, p. 44) it is the only observation of a 
base-rock within the true Sub-Himalayan zone*. The absence of any older tertiary 
beds here is particularly*interesting, as almost necessarily implying their extensive 
upheaval and removal before the Siwalik period. 

Among the va-stly mare complex rocks of the higher hills the changes intro- 
ducecLare more.exteusivo. The senes of formations described iii Jaunsar (Records 



4 


[vOL. XVIII. 


Recoriti of the Geological Survey of India. 

XVI, p. 1{>3) is somcwlmt altered and greatly amplified, and brouglit into 
i-elation with those of the Simla region. The following is Mr.*01dhani’s summary 
of coTiclnsions:— 

1. —That the Simla and Jaunsdr sections are not related to each other, but 

that except for some piMsiblo exposures of the Krol in Jauns^r the rocks 
on either have no reprc.ser.tativo on the other. , , 

2. —That the Simla section does not represent a conformable sequence, but 

that between the infra-Krol and the Blaini there arc interpo.sod (else¬ 
where) at least two fonnations, and two unconformable breaks. 

3. —-That the Dooban and Krol limestones are not the same, but that the former 

is much older than the latter. 

4. —That the Mandhali series is older than the infra-Krol (but newer than the 

Deoban). ^ 

6.—That the Deoban limestone is newer than the Blaini. 

6. —That the Blaini is newer than the lower-Chakrdca. 

7. —That the series which last year were provisionally and doubtfully grouped 

togethc'r as LoAver and Upper Cfaakratas mnst be separated as belong¬ 
ing to different formations. 

8. —That the Bihvars are but a special form of the basement beds of the 

infra-Krol. 

9—That the Panjal conglomerate occurs in this region, and it is not the 
representative of the Blaini. 

It would bo uni-easonable to expect that all these announcements should 'oe 
immutable; Mr. Oldham is certainly right in attempting free-hand tentative 
groupings, and all are based upon local eviden6o o£ variable validity. 

Those acquainted with it will be glad to see that the primitive series of the 
Simla section is not much interfered with at home. The Krol limestone, Krol 
quartzite, and infra-Krol carbonaceous shalps still retiain the highest groups of 
the lower Himalayan rock scries; and the tsoveral groups (Bawar, Mandhali, 
and Deoban) separating them from their constant neighbour of the Blaini stream 
are not said to occur here. The discovery of a second conglomerate will greatly 
reduce the duties of the hitherto seemingly ubiquitous Blaini; and a second strong 
limestone band to take the place of the Krol in certain places, as in the Shdli 
mountain north of Simla, is distinctly a relief, Mr. Oldham gives ample strati- 
graphical observation to confirm Colonel McMahon’s petrological arguments that 
the ‘ central gneiss ’ of the Chor and some other places is truly a granite; still 
I find a ‘ central gneiss ’ at the base of the new table of formations; and this- 
too is satisfactory ; it would be almost pretematulal that such an immense file 
of geological records should have no archman foundation. It is lamentable to have 
to record that still not even the ghost of a fossil has been seen in these rocks. 

I have given Mr. OldhAm’s results somewhat at length, because they may not 
be immediately published in original, the exigencies of our Indian service having 
made it desirable to depute him for the current field season to the Andamans 
with the Topographical Survey party, for which special arrangements have been 
made, and such an opportunity might not occur again in our time. Mr. Oldham’s 
experience in Manipur (Memoirs, Vol. XIX) at the starting point of thisVgion 
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of disturbance, may give him some clue to the correlation of the rocks in those 
island outlier", 

Mr. Middlemiss joined Mr. Oldham in January; he has this year been started 
on independent work in Garhwal, 

Golonel McMahon has now completed his elaborate microscopical studies 
.of a large series of Himalayan rocks, proving among 
other interesting results the eruptive character of certain 
pseudo-gneissic rocks of the Dhnladhdr, the Chor, and other localities. Mr. 
Oldham’s recent determination of the undoubtedly intrusive relations of this rock 
in the Chor is a satisfactory conclusion oi this enquiry. Colonel McMahon’s 
description (Vol. XVII, p. 104) of the extreme metamorphism, amounting to 
proximate fusion, of the quartzites of the ridge at Delhi, is an interesting indica¬ 
tion upon the history of the Arvali rocks. 

In connection with Himalayan geology it is not out of place to notice a study 
Himakavak Mouk- mountain system of the Himalaya presented in 

TAIN Stbtek : Colonel Godwin. Austen’s address as President of Geogra- 

Lt.’Col, aodvoin^ phical Section of the British Association Meeting of 188.3, 

, Austen. supplemented by a map and sections with notes published 

by the Royal Geographical Society (Proceedings, 1883, p. 610). If the views 
given had been mere geographical delineations they would not have called for 
attention, as being suitabh-to the audiences addressed; but the essay is a lauda¬ 
ble attempt to forestall time by» introducing to topographers rational concep¬ 
tions of mountain structure, and thus geology is necessarily introduced. Unfor¬ 
tunately, however, the author is not himself quite emancipated from the ideas he 
would subvert. These may be imlicaited as a mistaken conception of unity based 
upon an unnatural assumption of continuity. Of this kind is the extension of 
the extinct axes of the Himalayan range into connection with the gneissic 
mass of Afghanistan. The Confusion is the same as it would bo to ignore the 
Beim.rate. members of a compound organism^; there may be homology, but the 
•foi’ced continuity leaves out of count conspicuous and essential structural characters. 
Again, to make the Pir Panjal and the Dhuladhar continuous with the Chor 
mountain of the Simla region, is about the same as it would be to confound the tail 
of a vertebrate animal with its limbs. These errors have been pointed out before 
( Records, XV, p. 6). 

In last year’s report I mentioned the completion of Mr. Griesbach’s rapid 
Thk Ckntbai Hiua- survey of the Hundes region, and that his observations 
• lATA: there had been connected with those of Stoliezka in Spiti. 

Mr, Oriesbach. j Jq explain the poatponement of any fuller 

notice of the work owing to Mr. Gnesbach’s urgent deputation to accompany the 
expedition to the Takht-i-Suleman. Subsequently to this, while making some 
connecting observations on the North-West Frontier, he was taken seriously ill 
at Koh&t, in consequence of which it was necessary that he should spend the 
hot season in the hills, and while at Simla, he managed to get appointed to 
accompany the Afghan Boundary Commission. Had I bfeen in India, I should 
probably hit^e succeeded in’having sope other officer deputed for this duty. No 
doubt the best use that can be made of Mr. Griesbach is for the superficial kind 
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Thb Takht-i-Sulk* 
mAn. 


of work that is alone possible in those expeditions, and his admirable skill in 
drawing is a special qualification for such work, nevertheless the further post¬ 
ponement of the account of his Himalayan observations, begun in 1879, should 
have been avoided. His maps wore fully prepared before he left, and are now 
being reproduced for publication; a large number of illustrations are also ready, 
but the descriptive text has not yet boon sent in, and it cannot be ^fitly prepared 
away from sources of reference. 

The details of Mr. Griesbach’s observations in the Suleman hills have recently 
been published (Volume XVII, part 4). They give fresh 
illustration of* Mr. Blanford’s remarks regarding the great 
variability of the cretaceous and eocene deposits of that 
region. As regards the newer formations twO unexpected points are noteworthy. 
The object of ^r. Blanford’s last exploration on that frontier had been to connect 
the tertiary series of Sind, which ho had so carefully,worked out, with the tertiary 
series of the Sub-Himalayan region ; and although an actual tie with previous 
work to the north was not effected, it was thought, as stated in my last annual 
report (Vol. XVII, page 7) that the main object had been attained, for in the 
northern part of his ground, on the flanks of the Sulem&n, Mr. Blanfoad 
found established a section that fairly represented that known to the north— 
the marine eocenes surmounted by the neogene Nari and Siwalik groups, believed 
to be fresh-water deposits, and all in apparent confo^Piable sequence, the two 
marine groups, lower Nari and Gaj of Sind, having disappeared (Memoirs* XX, 
page 159, et seq.). This conclusion is however apparently upset by Mr. Gi^es- 
bach's observations in the intervening ground to the north: a sandstone full of 
marine fossils is confidently identified (Z. c., page ^89) with Mr. Blanford’s upper 
Nari sandstone, and the upper tertiaries are only represented by •the Siwalik 
conglomerates resting in total unconformity on. the, lower tertiary* marine beds. 
It is very unsatisfactory that Mr. Griesbach docs uok himself notice these dLscre- 
pancies, as is usual in such cases to give som^ sign, that he was aware of th-ir 
importance; he had a proof copy of Mr. Blanford’s report with him in the field. 

Some ores, especially a chromite, received from the Andamans, and the 
accounts sent with them, made it desimble to have a pro¬ 
fessional opinion upon the deposits. Mr. Mallet was deput¬ 
ed for this purpose, and tho result of his examination m 
published in the Records (XVII, part 2). Tho block from which the specimen 
of chromite had been taken could not be traced to any mass in situ; and as this 
mineral in minute crystalline grains was found disseminated in the serpentinoi^s 
rock of the neighbourhood, it may be presumed tb%t the large block was only a 
local segregation. An opportunity occurred for Mr. Mallet to visit Barren Island 
and Narcondam. His account of these interesting volcanic sites is now ready for 
press. • • 

Early in the season Mr. LaTouche accompanied the expedition into the Aka 
Aka Hills akd Lax- Hills, north of Tezpur, in Assam. The dense vegetetion 
oBiN CoAL-FiSLU. {tTOvented any observation of the rocks except in the stream 

Mr. LaTouche. courses. The section was found to correspond with 

that observed in the Daphla Hills to the e^t by Colonel Godwin-Aifei^n, and 


Thb Andahaxs t 
Mr. Mallet. 
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as described Mr. Mallet in the Bhutdn Dudrs to the west. Inside the ter. 
tiary zone there is* a belt of carboniferous Damuda strata, bordering the 
schistose rocks of the higher hills. Here, too, the coal is so crashed as to be unser. 
viceable. There was some little delay in the preparation of a map; it will be 
published shorty with Mr. LaTouche’s notes. Later in the seasgn Mr. La- 
Touche examined the -Langrin coal-field on the south-west edge of the Garo 
Hills. His report with a map is published in the Records (XVII, part 3). This 
field ofEers an abundant supply of very fair coal easily accessible on the veiy 
borders of the plain of Sylhet., 

A veiy instructive (Jiscussion of g^logical homotaxis is given by Mr. W. T. 
Tub ifbKOTAxis or Blanford in his address as President to the Geological 
INDIAN roBMATioNs; Soction of the British Association in its last meeting at 

Mr. W. T. Blanford. Montreal. It is mainly illustrated from Indian geology, 

and is so important a contribution to this subject that it has been reprinted in 
the current number of the Records. Numerous instances are given of the dis¬ 
crepancies that occur in the correlations of rocks as based upon their terrestrial 
fauna and flora, or upon a marine fauna, the latter giving much more comparable 
results. The former of course maintain all their special interest, but it is very 
necessary to know upon which kind of evidence the correlation of any strata had 
been based. Mr. Blanford«would somewhat modify the significance of the term 
homotaxis as introduced by Pi'ofessor Huxley in 1862, That was, to give 
expression to the following statement:—•“ For anything that geology or pnlasonto- 
logy is able to show to the contrary, a Devonian fauna and flora in the British 
Islands may have been contemporan'egus with Silurian life in North America, and 
with a Carboniferous fauna and ffora in Africa.” ‘ These terms of course includ¬ 
ed the mai'ine fauna;,but while gfranting such conditions to be possible for a 
terrestrial fauna or flora, Mr. Blanford considers that the marine fauna would 
give a much nearer approximation tojsynchrony. He says:—“ It appears to me 
thsit at the present day the diiference betvseon the land faunas of different parts 
of the world is so vastly greater than that between marine faunas that if both 
were fossilised, whilst there would be but little difficulty in recognising different 
marine deposits as of like age from tlicir organic remains, terrestrial and fresh¬ 
water beds would in all probability be referred to widely differing epochs, and that 
some would be more probably classed with those of a past period than with 
others of the present time.” 

The same subject of homotaxis is discussed by Mr. Oldham in the Journal of 
the Asiatic Society of Bengal for 1884 (Part II, p. 187). 
He illustrates from our Indian palesontological researches 
the highly discrepant results of correlations in time from fossil evidence, specially 
the paleeobotanical, and the insuperable failure of any approach lo determination 
of synchrony among distant formations. This is introductory to an attempt 
to establish synchronous relations of distant foi‘mations through tlie evidence of 
peiiods of gkeiation, tho*ground chosen being the same, as containing well, 
known bo^^r deposits, the Talchirs of India, the Hawkilbui’y beds of Austi-alia, 


Mr, Oldham. 


Quar. Jour., Qeol. Soc., VoL XVllI, p. xlvi. 
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and the Kafoo bonlder bed of South Africa. Such a distribution,of presumably 
synchronous glaciation, Mr. Oldham suggests, “ points towards the conclusion that 
in early secondary times the crust of the earth did not occupy the same position 
with respect to the axis of rotation as ^t does now.” The contention is well 
supported by arguments needed to account for the distribution of the cognate 
terrestrial fossil fauna and flora of the regions in question. Some years ago a 
suggestion was made to use the last glacial period as a geological chronometer to 
fix the age of the Indian post-tertiary deposits; and then too the proposal was 
elicited by a flagrant abuse of the homotaxis method of correlation, losing sight 
of the actual in the relative (snpra, '^ol. VII, p. 97, note). 

Publications .—Two Memoirs were published daring the year—Mr. Base’s on 
the Lower IFarbada Valley between Nimawar and Kdwant, and Mr. Feddon’s 
on Kdthiawdr, each with a map of the country described. They form parts 
1 and 2 of Volume XXI. The work was contem|forancously noticed in previous 
annual reports, and'some general remarks on both will be found in the preface to 
the part 2, part 1 having been fully printed off before I returned from leave. 

The Eecords for the year contain numerous ai'ticles of interest, several of 
which have been I'eferred to above. 

In the Paleeontologia Indica, five parts of series X, the Indian Tertiary and 
Post-Tertiary Vertebrata, by Mr. Lydekker, were published during the year. 
They form a very worthy addition to this most valuable part of our publications. 
For the general advancement of geological science, palajontological researches are 
certainly the most interesting and important, and at present they are inade¬ 
quately provided for in the allotment of qur resources, 11 would be impossible 
for one palasontologist to overtake all the work on our undescribed collections of 
fossils, even if one man could do justice to so wide a range of studies. I hope to 
bo able to effect a temporary diversion of some funds to bring up an'ears of work 
in this bmneh of our business. 

In continuation of his work on the fossils of the Salt-Range, Dr, Waagen lur- 
nished last year two paHs (Nos. 3 and 1) of the firacliiopoda of the Produetus-^ 
Limestone. They exhibit the same exhaustive study as heretofore. To the 
superficial criticism of some naturalists. Dr. Waagen might seem to lay himself 
open on the score of minute specific distinctions, but he abundantly justifies his 
method on biological and palseontological grounds. No doubt, as he says himself, 
more abundant material may lead to the modification of his grouping, but there 
is a strong presumption that the principle will hold good. However one might bo 
satisfied for purely biological results tq exhibit the links of variation in a few de¬ 
velopmental sequences ofrspecies and genera, geologies’, history will require the 
process to be applied throughout. Dr. Waagen gives numerous instances in which = 
those slightly distinguishable forms are characteristic of different stratigraphical 
horizons. His final discussion of the fauna of the Productus-Limestone should 
form an interesting chapter on tl^e vexed question of homotaxis. 

A large fasciculus of Series XIV, with eighteen adifiirably-oxo'cuted plates, was 
issued early in the year^ For this series,'*descriptive of the tertiary, and upper- 
cretaceous' fossils of Sind, taken up four years ago,,we are so far indebted to the 
generous labours of Professor Mai'tin Duncan, latterly aided^by Mr. Percy Slrduii. 
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It is the beginning of virhat must one day become the most extensive part of the 
PaiBBontologiS, that pealing with the tertiary marine fauna, and the most interest¬ 
ing as more fully bearing upon the living fauna of the Indian seas. 

Museum.—As specified in the Records for May, several contributions of ores, 
rocks, and other geological specimens wore obtained from the International Exhi¬ 
bition held in C5alcutta early in this year. The principal presentations were f^om 
the Minister for Mines, New South Wales; the Minister for Mines, Victoria; and 
the Tasmanian Commissioner. Some of these were in return for Indian geo¬ 
logical specimens previously sent to Australian Museums by the Survey, and for 
the rest a proper return was made on the occasion. 

Library .—The additions to the library were 1,608 volumes or parts of volumes, 
742 by purchase and 866 by donation or exchange. The printing of the Cata¬ 
logue was just completed within the year, for which accomplishment I have 
again to express obligation .to the conscientious industry of our librarian, Mr. 
W, R. Bion, for thoroughly checking the entries and correcting the proofs. 
Excepting books received after passing the sheets of the Catalogue for press, the 
following figures represent a rough inventory of our library at this date: total 
volumes, 13,205 ; of which 9,236 come under the heading of Serials, including the 
piiblications of Societies, as well as Magazines and official reports; of the re- 
maining 3,069, 1,015 are marked in tho Catalogue as pamphlets. 

Personnel. —Dr. Feistmantel was absent throughout the year. Mt. Hacket 
retuimed from furlough on the 18th of November and resumed his field work in 
Rajimtdna. Mr. MedJicott was absent on special leave for six months, during 
which time Dr. King acted as Superintendent of the Survey. Mr. Mallet took 
six months’ furlough from Msyr tc October, during which time Mr. Eeddon 
ofiiciated* as Cuiutor of the Museum. 


« 

Calcutta, 

The 20th January 1885. 



H. B. MEDLICOTT, 
•Superintendent, Oeoloyical Survey of India. 


List of Societies and other Institutions from, which Publications have been received 
in donatio^i or exchange, for the Library of the Oeoloyical Survey of India, 
during the year 1884. 

Amsterdam. —Netherlands Colonial Department. 

Basel. —Natural History Society. 

Batavia. —Batavian Society of Arts and Sciences. 

„ Director of Instruction. 

Berlin. —German Geological Society. , » 

„ Royal Prussian Academy of Science. 

Bologna. —^Academy of Sciences, • 

Bombay. —Bombay Branch, Royal Asiatic Society. 

^ Boston. —American Academy of Arts and Sciences. 

„ Society of Natural History, 

Brisbane.— ‘Royal Society of Queensland. 



10 


Becords of the Geological Survey of India. 


[vor„ XVIII. 


Bristol. —Bristol Museum. 

„ Bristol Naturalists’ Society. 

Brussels. —Geological Society of Belgium. 

Royal Geographical Society of Belgium. 

Royal Malacological Society, 

Royal Natural History Museum of Belgiujn. 

Roy.nl Geological Institute, Hungary. 

National Academy of Sciences. 

■Society of Natural Sciences. 

•Agricultural tfnd Horticultural Society. 

Asiatic Society of Bengal. , 

Meteorological Department, Government of India. 

Survey of India. ^ 

•Philosophical Society. • 

-Museum of Comparative Zoology. 

Society of Natural History. 

Editorial Committee, Noinvegpan North Atlantic Expe^i* 
tion. 

Norwegische Comm, der Enropaischen Gradmessung. 
Royal University of Norway. , 

Royal Danish Academy. 

■Great Trigonometrical Survey of India. 

-Isis Society. 

-Royal Scottish Society of Arts. 

■Geological Society, • 

Glasgow University, 

Philosophical Society. • 

•Royal Society. , 

■Loopoldino Academy. 

Natural History Society. 

Royal Society of Tasmania. 

-Physi kalisch- Okonomisch e Gcsellschaft. 

■Vaudois Society of Natui-al Science. 

Geological Society. 

„ Literaiy and Philosophical Society. 

—Geological Society. 

Iron and Steel Institute. « 

Journal of Science. 

Linnean Society. 

Royal Asiatic Society of Great Britain and Ireland. 

Royal Geographical Society. 

Royal InMitute of Great Britain. 

Royal Society. • 

^ociety of Arts. 

„ Zoological Society. 

Madison.— Superintendent, Public Property. • 


yy 

yy 

Budaprst.- 
Bdenos 4iRES.- 
Buffalo.- 
Calcutta.- 

yy 

II 

II 

Cambridob.- 
Cambridgk, Mass.- 
Cassel.- 
Christiania.- 


COPENHAGEN.- 

Dkhra Don.- 
Dbesden.- 
Edinbukoh.- 
Glasgow.- 

>» 

II 

Gottinoen.- 

Halle.- 

II 

Hobart Town.- 
Koniqsburg.- 
Lausanne.- 
Livbrpool.- 


yy 

II 

II 

I? 

II 

II 

I? 
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J^ADBAS.—Meteorological Department. 

Madbid. —Gcogp:a,phical Society. 

MANCHE8TBB.~Geological Society. 

„ Litei'ary and Philosophical Society. 

MELBODRlfB. —Department of Mines and Water Supply, Victoria. 

„ • Geological Survey of Victoria. 

„ Royal Society of Victoria. 

Milan.— "Italian Society of Natural Science. •. 
MoNTEBAL.—Geological and Natural History Survey of Canada. 

„ Royal Society*of Canada. 

Moscow.—Imperial Society of Naturalists. 

Munich.— Royal Bavarian Academy. , 

'Nbwcastle-oN’Tyne. —North of England Institute of Mining and Mechanical 

Engineers. 

New Haven. —^American Journal of Science. 

Paris. —Geological Society of France. 

„ Mining Department. 

Penzance. —Royal Cfeological Society of Cornwall. 

Perth.— Commissioner of Crown Lands. 

Philadelphia. —Aaademy of Natural Sciences. 

„ American Philosophical Society. 

„ Franklin Institute. 

Pisa. —Society of, Natural^ Sciences, Tuscany. 

Rome. —Camera dei Deputati. 

, „ R. Accademia dei Lincei. 

„• , Royal Geological Commission of Italy. 

Rookkee. —ThonAson* College of Civil Engineering. 

Sacramento. —California State Mining Bureau, 

St. Petbrsburo. —Geological Commiision of the Russian Einpira. 

„ Imperial Academy of Sciences. 

Salem, Mass. —American Association for the Advancement of Science. 

„ Essex Institute. 

San Francisco. —California Academy of Sciences. 

Shanghai. —North China Branch, Royal Asiatic Society. 

SiNQAPOBB.—Straits Branch, Royal Asiatic Society. 

Springfield. —Geological Survey of Illinois. 

„ Illinois State Museum of Natural History. 

Stockholm. —Geological Survey of Sweden. • 

Strasburg. —Royal University Library. 

Sydney. —Australian Museum. • * 


Department of Mines, New South Wales. 
Royal Society of New South Wales. 


Tokio. —Scismological Society of Japan. 
'OBONTO. —Canadian Instifute. 


Turin.— Roy^il Acad^y of Sciences. 
Venice. —Royal {jusUtute of Science, 
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ViEKJfA.—Imperial Academy of Sciences. 

„ Imperial Geological Institute. 

Wabhimqtoit.—P hilosophical Society. 

„ Smithsonian Institute. 

„ United States Geological Survey. 

Wbllingtos.-— Colonian Museum. 

„ Geological Survey of New Zealand. 

New Zealand Institute. 

Tokohama.—^A siatic Socictj^ of Japan. 

„ German Natuwilist^ Society, 

Yokk. —Yorkshire Philosophical Society, 

The Secretary of State for India. 

The Governments of Bengal, Bombay, Madras, North-Western Provinces and 
Oudh, and the Punjab. 

Chief Commissioners of Assam, British Burma, and Ccnti'al Provinces. 

The Commissioner of Northern India Salt Keveitue. 

The Resident at Hyderabad. 

The Comptroller of Indian Treasuries. 

The Superintendent of Government Printing, India. 

The Superintendent of the Govcniment Centrtil Miuietim, Madras. 
Departments of Finance and Commerce, Foreign, Home, and Revenue and 
Agriculture. 


Rotes on the Countiy between the Singareni Coal-field and the Kistna River hy 
R. BiiocE Foote, F.G.S., Deputy Superintendent, Geological Survey of India. 
(With a map). 


The immediate opening up of the Singareni coal-field having been under consi¬ 
deration by the Government of India, I was deputed to examine the unsurveyed 
countiy in the valley of the Munieru (Moonyair) river in the hope of finding 
further outliers of the Barakar rocks, the Indian carboniferous scries, between 
the Singai'eni coal-field and Bezwada, as the existence of other coal-fields might 
greatly influence the selection of the line of country to be traversed by the railway 
to connect the Singareni coal-field with Bezwada, the central point in the giTjat 
canal system connecting the whole of the Godavari and Kistna deltas with 
Madras, and the terminus of the new Bellary-K'litna State Railway. 

The limits of the previously unsurveyed tract which 1 examined in cariyingout 


Limits of area ^lere 
reported oiu 


this duty are, to the soutli the Kistna river; to the west 
the boundary of the EZadapa rocks, and further north the 
left bank of the Munidru; to the oast a line coinciding with 


the eastern edge 


of Atlas-sheet 75'; to the north a line running from the Munifiru 


eastward to the edge of sheet 75 a little to the southward of Khkmmamett. To 
the north of this line lie^ a considerable tract extending up to the Sik^reni coal¬ 
field which had been partly examined by Mr. King and of which 1 completed 
the survey. 
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1 .^ 


Tha geolqgical formations met within the area thus defined belong to the 
following four divisions ;—I. The Qneissic rocks; II. The 
Kadapa or Tramition rocks; III. Tlte Miver Alluvia; 
IV, 8vhaerial Formations and Soils. 


Geological formation* 
mot with. 


Disposition 
gncissic rocks. 


of tho 


I.—The Qneissic Bocks, ' 

r 

As will be seen from the map, the gneissic rocks of the Munidm (Moonyair) 
valley are extensions of the great granitoid and schistose 
bands seen south of the Kistna river and shown in the 
little sketch mhp given in my n^emoir on the geological 
structure of the eastern coast. ^ 

The gneiss rocks of the Kistna district show two great banda of granitoid 
rock divided in the sonihern pai’t of the ai’ea by a much nan’ower band of 
schistose beds, In the nortlfem part of the area, however, the schistose beds 
extend considerably to the eastward whereby the eastern granitoid band is in¬ 
terrupted and apparently overlaid by this eastward extension of the schists. 
Whether this overlapping of the schistose beds over the ‘granitoid really takes' 
place or not, has not as yet been proved, but as it is believed on fair grounds to 
take place in the southern, parts of these great bands in the Nellore distiict, it 
may for the present bo aasumed also to take place in the Munidru valley, and 
the separate patches of granitoid gneiss lying to the northward of the continuous 
band may pro. tom. be treated as inliers in the schistose area. The two grani¬ 
toid bands and the intermediate stphistose band have to the south of the Kistna 
a general strike from south-west-byjsouth to north-east-by-north, which continues 
till they .cross that river and thftn commences to trend to due north and then to 
north-north-west. jQq the neighbourhood of the Singareni coal-field the strike 
becomes less constant for a distaiice of 4 or 5 miles, but then trends north-5'’-east 
and continues so till the edge of tips overlying Kadapa and Goudwana rocks. 

* The eastern of tho two granitoid bands forms the mass of the very 

picturesque Kondapalli (Condapilly) hills, as also the 
bioad plain stretching from the foot of the hills past 
Juzzur (Joodjoor) westward nearly to tho east bank of the 
Wyra river. To tlio northward the granitoid rocks extend under the alluvium 
of the Gumplagudum stream (the principal tributary of tho Wyra) and run 
north and north-west-by-north for another 9 or 10 miles, when it is cut off by the 

_ ... east extension (? overlapping) of tho schistose rocks 

Qollapudi Iiilier. . 

above referred to. Xi orth of this spread of schistose rock, 

at a distance of between 4 and 5 miles, lies the» first of tho inliers also 

referi'cd to above. It is of elongated elliptical form (in plan), and extends 

some 12 or 14 miles to tho north-west-by-north with a maximum breadth of 

5 miles in its southern half. The apices of tho ellipse are rather pointed. 

By far the greater part of its area lies on t'lio western side of the Wyra river. 

For convejjjiehce of I’oference it may be called the Gollapudi inlier from the 

^ Geolog'iiml Strncturo of tho Eastern Coast friUn latitude It* northward to 

Miisuiipatam, It. Jbruco Fodto, F.G.IS,Jtc, Alouoirs, Uvolo^iuol Survey of ludiu, Vol. XVI, 


The 

baud. 


east granitoid 
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principal village lying near its centre. The northern inlier whiclv lies 4 miles 

north of the Gollapadi inlier is in' plan a very broad 

Cbinta Kurti Inlier. about 4 miles long by 3 in maximum width,. 

but its boundaries are much hidden by jungle. It may bo conveniently called 
the Chintaki^rti inlier from the village of Chintakurti (Chintakoor /)f map) which 
stands a good mile to west of the position given to it in sheet 75i 

Except close to the Kondapalli range of hills, this band of granite gneiss 
' has been planed down by erosive forces .to a very level 
grS'itoid'band.* surface, relieved in but very few places by lo.w hills and 

a few great piles oi tors and rounded masses. Of the 
hills, the Juzzur (Trig. Station) hill and the Kondakedimay (Trig. Station) on 
the eastern side of the southern inlier, and a low but bold rocky ridge on the 
western side of the inlier, a little to the north-east of the village of Nangielay- 
gondah, are all that need be noted. 

A large low ellipsoidal “ whaleback ” exposure of the gmnite gneiss occurs 
on the high ground north-east of Gollannapad (nearly in the centre of the 
' southern inlier) and is, from its position and light colour, a veiy conspicuoits 
object. 

A rocky pile surmounted by an enormous tor forms a very striking object at 
the north-east extremity of the great tank east of Maddire (Muddera). 

The western granite gneiss band may be conveniently designated, the 

Tlie western or Nnn- Nandigama (Nundyganah)-Khammam6tt band from jthe 
digama Ktiammamett two principal towns which stand upon it. It crosses the 
grinitoid band. Muniferu (Moonyair) ^valley near Pennagranchiprol, 10 

miles north-by-west of Nandigama (but that part of its course was not exam¬ 
ined). Its southern part is bounded by the ovVrlying quartzite beds at the 
base of the Kadapa rocks of the Jaggayapefta (Batavole) basin, but further 
north it shows a considerable westerly extension; it was only examined alor^ 
tho east side of the Muniferu valley. ■- Its eastern boundary for a distance of 
more than 25 miles is formed by a narrow strip of Kadapa rocks which aro 
faulted to the eastward against the median band of schistose gneiss before 
referred to. 

The southern part of this band of granitoid gneiss forms a low rolling 
plain, the surface of which is almost everywhere marked 

at KhammiHue™** by a thi6k layer of cotton soil, but in the central and 

northern parts the surface becomes much more broken 
and the extensive spreads of regur have been^replaced by the gritty reddish 
loam derived directly froih the decomposition of the rocks below. Protrusions 
of rock over the surface are seen on every hand, and much of the country can 
only be described as rugged. Besides the protrusions of the granite gneiss 
there are many long-stretched low ridges of barren rock formed by trap dykes 
which around the town of Khammamett form a perfect net-work that would 
offer no small obstacle to the construction qf a railway. Northward^ of Kham¬ 
mamett the surface of ther granite gneiss band becomes less rugged. some 
extent this may only be apparent, for the country here is much less bare of ^od 
than to the south. , ^ 
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Although the surface of this granite gneiss band is much more broken and 
• rugged in the northern Ehsmmamett half than in the 
Orography of the southern half or than in any part of the Juzzur band, very 

western bund. . .*! • t. t. x j 

tew of the eminences on it nse high enough to deserve 
the name of hills. In the southern part there is but one hill, the Cnddabode 
Trigonometric^ Station, on the very edge of the Kadapa basin 9 miles north-west- 
by-west of Nandigama. The Cnddabode is about 200 feet high, and shows a very 
fine mass of great rocks aronnd its summit. • 

A low hill consisting of great tor.like masses piled one over the other occurs at 
Mushti Kuntla (Mooshty Koontta) *on the high road (as shown on the map) 
leading from Maddir6 (Muddeera) to Khamraamctt. Another low hill of very 
typical rounded shape forms the Sitararapett Trigonometrical Station hill 4 miles 
to the north-west-by-west.# Various low but very typical granite gneiss hills run 
along.the western side of the MuniSru valley, but these did not come within 
the range of my survey. The highest and most conspicuous hill in the granite 
gneiss band is that on which Khammamett fort has been built. I estimate it at 
about 300 feet high above the surrounding country over which it commands a * 
very extensive panorama. A rather lower hill, showing some good tors on its 
summit, lies about a mile north of the fort. 

A small rocky ridg# consisting of a very uncommon variety of horn- 
blende-micaceous rock is to be seen at the north-eastern comer of the great 
ta^k north of Jastipalli (Jausteepully) 14 miles north-east-by-north of Kham- 
mamett. , 

As far as^my observation went, the predominant character of the granitoid 
. ^ rocks isTiomblendic ; micaceous varieties however do occur 

thr'^imitoirg™rS8.°^* some cases both hornblende and 

mica beenr together in the same mass. Epidote in the 
form of pistacite, is a fi’equent coirstituent of the granitoid rocks, e.g., in the 
Juzzur Trigonometrical Station hill where it forms a very handsome rock of 
dark greenish-black colour relieved by h'ght pinkish spots and streaks due to 
the quartz and felspar. A very handsome salmon-coloured and black variety is 
seen in some large tor-liko masses which form a little inlier within the area of 
the Kistna alluvium about a mile east of theKanchakachorlatzavellors’ bangalow 
on the Bezwada-Hyderabad high road. 

^ Much pistacitic granite gneiss occurs at Mushti Kuntla (Mooshty Koontta) 14 
miles south-south-east of Khammamett, also in the bed of the Mnni^ru at the 
ford on the road to Warangal. This is a beautiful pale-green and pink variety, 
which has in places been much polished by the river Current, and shows its capa¬ 
bility for furnishing a splendid ornamental stone. 

The general colour of the rock in the western band !s greymh and its texture 
mostly very coarse. ^ 

Included bouldor-like masses of older homblendic rock are common in places. 
Very quarries are to be found^ and as the great rounded weather-beaten 
masses frequently impracticable to an ordinary geological hammer, much less 
infmmation as to the composition qf the rocks could be collected en passant than 
inraore^civilised regions whege quarries are numerous. 
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The scUstoao gneiss 
band. 


Noteworthy varieties of the granitoid rocks in the two inliers are massive 
hombl<-‘nde rocks often of highly trappoid aspect, but not r occurring as dykes> 
nor as far as could be seen as intrusive masses. These cover considerable areas 
in the two inliers; indeed, they seem to constitute the mass of the Chintakurti 
inlier. In the Gollapudi inlier they occur around Khauwapuram (on the Wyra) 
and westward nearly as far as Gollapudi. * 

The median band of schistose rocks lies in its southern portion chiefly on 
the left (or eastern) bank of the Munieru. Northward 
of the junction of the Munieru with the Wyra the schis¬ 
tose band is tonfiiied to the tract between the two rivers. 
Its western boundary is here hidden by the alluvium of the Munieru to opposite 
Pennaganchiprol, where the granite gneiss of the western band comes in. 
Beyond this to the north the boundary between the schistose band and the 
western gtanitoid Imnd is hidden by the superposition of a long narrow strip 
of Kadapa rocks which runs northward for more than 25 miles. To the north¬ 
ward of this outlier of Kadapa I’ocks the two bands of gneiss must be in ap¬ 
position, but no section could be found showing their actual contact. , 

No eminence deserving of the name of hill occurs on the surface of the schis¬ 
tose gneiss band in its southern part, and very few in 
scSlSJneiss central part. In the latter attention may be drawn 

to the rocky hill 7 miles north-by-east of Maddirc (Mud- 
decra), which rises between 200 and 300 feet above the plain; to the low rocKy hill 
a mile cast of Pengol (edge of sheet 94) which will be described further on. 
Also to the low ridge on which stands 'the Pedda Gopatty Trigonometrical Station 
9 miles south-cast-by-east of Khammamett. The magnetic iron beds forming 
this ridge will be described further on. . “ 

The schistose gneiss area immediately south of 'he Singaroni coal-fleld, which 
is a northerly continuation of the schistose l»aaid before described, contains 
numerous gneiss hills which may also be referred to, though they do not lie within 
the limits of the unsurveyod tract mapped by me. The principal hill in this* 
quarter is the Gobugurti (Goboogoorty) Trigonometrical Station, which rises 
some 600 or 700 feet above the sui-rounding plains and forms a nucleus whence 
radiate some five or six lower jungle-covered ridges. To the east of tlio Gobugurti 
group of hills is the Ballapett (Bullapett) Trigonometrical Station hill and 
several other rocky or jungle-covered gneiss hills not shown in the map. South¬ 
west of the Gobugurti hill is a small detached hill marked in the map (sheet /5) 
as “H. Tree,” while to the north-west of^the extreme spur of the Gobu- 
gurti mass lies the Irlapudi Trigonometrical Station hill, ^ bold mass of horn- 
blendic gneiss some 500 to 600 feet high. 

The other hills to the west and north of Gobugpirti hill belong to the transi¬ 
tion or Kadapa rock system, and will be referred to when dealing with those rocks.* 
The more general variety of gbeiss met with in this median band is a hom- 
blendic variety which is frequently intercalated between 
bands of micaceous gneiss of varying charact^'^ Some of 
^hem arc very highly micaceous and almost deserving to 
bo ranked as mica schists. Richly felspathid forms arc uncommon. 


V>v 
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Massive lieds are occasionally met with, w^ich are of such coarse textore and 
so obscurely bedded as to approximate very closely to typical granite gneiss. As 
a rule, however, the most massive beds in the schistose bands are veiy distinctly 
bedded, no matter how coarse their texture may be. 

- The beds in«the southern ports of the schistose band offer nothing; of special 
interest, and exposure^ of the rock are not numerous, nor do they afford any 
good sections, the face of the country being mostly much obscured by great 

-preads of cotton soil. The most notewbrthy outcrops 
were ^ some fairly rich beds of magnetic iron 
which form a couple of low ridges, on the south-western 
of which stands the Pedda Gopatti Trigonometrical Station (9 miles south-east 
of Khammamett). Unlike the magnetic iron beds in Nelloro and Salem and 
other parts of the south, the grains, flakes, and crystals of magnetite are imbed¬ 
ded in schistose honiblendic instead of in granular quartzose laminae, with inter¬ 
vening homblendic laminae of very schistose character. 

The amount of magnetite included in the ferruginous laminae is sufficiently 
great to form a fairly rich ore, but I did not notice any indications of the ore 
having been mined in those parts of the beds which I examined. The iron beds 
stretch away a considerable distance to the southward, and it is not improbable 
that they are connected wiiJh a bed of similar homblendic magnetite schist which 
is exposed for a few square yards on a small red knoll lying about half way 
betvwjon Naugilaygondah and Prodatur-Agraharam (Agrarum). The northward 
extensions of the Podda Gopatti iron beds are lost sight of a very little distance 
beyond the north end of the ridges. • 

If the'infra-position of the granitoid gneiss to the schistose band be assumed 
„ , „ ,, • to be true, there is no difficulty in understanding its rela- 

tose gneiss metonsion to won to tho tract of schistose gneiss already referred to, 

the^ eastern granitoid which ]ie8 bfitween, and to the east of, the Maddir4 

. ’ (Muddeera) end of* the Juzzur granitoid band and its 

northerly re-appearances, the Gollapudi and Chintaknrti inliers. The schistose 
spread in that case is simply a survival (if the term be allowable with regard to 
inanimate objects like rocks) of part of the overlying schistose series which has 
there escaped complete erosion, probably because it lies in a hollow. If the 
hypothesis of the infra-position of the granitoid series should be disproved by 
sttbeequent observations, then the relative positions of tho two series of rocks can 
only be explained by supposing the metamorpbic forces to have acted with far 
greater intensity in certain tracts than in other adjoining ones. This variation in 
intensity of the metamorphic forces may have been largeljr assisted by the original 
differences in texture and mineral composition of tho original sedimentary 
deposits acted upon. It is quite conceivable, indeed very probable, that coarse 
thick-bedded gritty sediments would assume a mpeh more massive structure under 
tho influences of metamoyihic agencies than fine-grained sandstones or shales 
which woul^retain a schistose appeai^nco. The presence of small patches of 
granitoid^l^lieiss within the general abea of the schistose araricly may very likely 
be B^p^y explained by assunxing them to have been local deposits of very coarse 
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Noteworthy varieties of the granitoid rocks in the two inliers are massive 
hoi*nblendo rocks often of highly trappoid aspect, but not»occurring as dykes? 
nor as far as could be seen as intrusive masses. These cover considenible areas 
in the two inliers; indeed, they seem to constitute the mass of the Chintakurti 
inlier. In the Gollapudi inlier they occur around Khauwapuram (on the Wyra) 
and westwafd nearly as far as Gollapudi. ' 

The median band of schistose rocks lies in its southern portion chiefly on 
, _ the left (or eastern) bank of the Munieru. Northward 
band° schistose gneiss junction of the Munieru with the Wyra the schis- 

tose band is tonfijied to the tract between the two rivers. 


Its western boundary is hero hidden by the alluvium of the Munieru to opposite 
Pennaganchiprol, where the granite gneiss of the western band comes in. 
Beyond this to the north the boundary between the schistose band and tho 
western granitoid band is hidden by the superposition of a long narrow strip 
of Kadapa rooks which runs northward for more than 25 miles. To tho north¬ 
ward of this outlier of Kadapa rocks the two bands of gneiss must be in ap¬ 
position, but no section could bo found showing their actual contact. , 

No eminence deserving o‘f the name of hill ocdui’s on the surface of the schis¬ 
tose gneiss band in its southern part, and very few in 

BchiltMe Sis8 bLd.**”* central part. In the latter attention may be drawn 

to the rocky hill 7 miles north-by-east of Maddh’6 (Mud- 
deera), which lises between 200 and 300 feet above tho plain; to tlie low rocky hill 
a mile cast of Pengol (edge of sheet 94) which will be described furthef on. 
Also to the low ridge on which stands *the Pedda Gopatty Trigonometrical Station 
9 miles south-east-by-east of Khammametl. Tho magnetic iron beds forming 
this ridge will be described further on. , • “ 

The schistose gneiss area immediately south of Hie Singareni coal-field, which 
is a northerly continuation of the schistose baud before described, contains 
numerous gneiss hills which may also bo referred to, though they do not lie within 
the limits of the unsurveyed tract mapped by me. The principal hill in this 
quarter is the Gobugurti (Goboogoorty) Trigonometrical Station, which rises 
some 600 or 700 feet above the surrounding plains and forms a nucleus whence 
radiate some five or six lower jungle-covered ridges. To the east of the Gobugurti 
group of hills is the Ballapett (Bullapett) Trigonometrical Station hill and 
several other rocky or jungle-covered gneiss hills not shown in the map. South¬ 
west of the Gobugurti hill is a small detached hill marked in the map (sheet 75) 
as “H. Tree,” while to the north-west of.tho extreme spur of the Gobu- 
gnrti mass lies the Irlapudi Trigonometrical Station hill, i bold mass of hom- 
blendic gneiss some 600 to 600 feet high. 

The other hilkj to the west end north of Gobugurti hill belong to tho transi¬ 
tion or Kadapa rock system, and will be referred to when dealing with those rocks.* 
The more general variety of gheiss met with in this median band is a horn- 


Potrology 
schistoBO bond. 


blendic variety which is frequently intercalated between 
bands of micaceous- gpieiss of varying chai’actSy Some of 
^cm are very highly micaceous and almost d&erving to 


bo ranked as mica schists. Richly folspathifl forms are uncommon. 
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Massive beds are occasionally met with, wj^ich are of such coarse texture and 
so obscurely bedded as to approximate very closely to typical granite gneiss. As 
a rule, however, the most massive beds in the schistose bands are very distinctly 
bedded, no matter how coarse their texture may be. 

■ The beds iu«the southern ports of the schistose band offer nothing; of special 
interest, and ox^>osurefl of the rock are not numerous, nor do they afford any 
good sections, the face of the country being mostly much obscured by great 

-preads of cotton soil. The most notcwbrthy outcrops 
were^somg fairly rich beds of magnetic iron 
which form a couple of low ridges, on the south-western 
of which stands the Fedda Gopatti Trigonometrical Station (9 miles south-east 
of Khammaraett). Unlike the magnetic iron beds in Nellore and Salem and 
other parts of the south, the grains, flakes, and crystals of magnetite are imbed¬ 
ded in schistose homblendic instead of in granular quartzose lamina?, with inter- 
veuing homblendic laminae of very schistose character. 

The amount of magnetite included in the ferruginous lamina? is sufliciently 
great to form a fairly rich ore, but I did not notice any indications of the ore 
having been mined in those parts of the beds which I examined. The iron beds 
stretch away a considerable distance to the southward, and it is not improbable 
that tliey are connected wifh a bed of similar homblendic magnetite schist which 
is exposed for a few square yards on a small red knoll lying about half way 
betvieen Naugilaygondah and Prodatur-Agraharam (Agrarum). The northward 
extensions of the Fedda Qopatti iron beds are lost sight of a very little distance 
beyond the north end of the ridges. • 


If the’infra-position of the granitoid gneiss to the schistose band bo assumed 
_ , ,, • to be true, there is no difficulty in understanding its rela- 

tose gneiss extension to “on to the tract of schistose gneiss already referred to, 

the^ eastern granitoid which lira between, and to the east of, the Maddire 
. (Muddeera) end of* the Juzzur granitoid band and its 

northerly re-appearances, the Gollapudi and Chintakurti iuliers. The schistose 
spread in that case is simply a survival (if the term be allowable with regard to 
inanimate objects like rocks) of part of the overlying schistose series which has 
there escaped complete erosion, probably because it lies in a hollow. If the 
hypothesis of the infra-position of the granitoid series should bo disproved by 
subsequent observations, then the relative positions of the two scries of rocks can 
only be explained by supposing the metamorphio forces to have acted with far 
greater intensity in certain tracts than in other adjoining ones. This variation in 
intensity of the metamorphic forces may have been largelj^ assisted by the original 
differences in texture and mineral composition of the original sedimentary 
deposits acted upon. It is quite conceivable, indeed veiy probable, that coarse 
thick-bedded gritty sediments would assume a noqich more massive structure under 
the influences of metamoi;phic agencies than flne-grained sandstones or shales 
which wouli^retain a schistose appeai^nco. The presence of small patches of 
. granitoid^fjroiss within the general af«a of the schistose wariety may very likely 
be s^ply explained by assunring them to have been local deposits of very coarse 
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Qrauular quartz rocks. 


texture, which were excoptionalljs, affected by the metamorphic tfhauges under¬ 
gone by the whole mass of rocks. 

Tho rocks which occur in the eastern extension of the schistose band are 
chiefly hornblondic and micaceous gneisses, varying from 
eastern nearly massive to liighly schistose varieties. None of any 
special interest were noted. ' 

Tho only schistose rocks which deserve separate notice are a few beds of 
magnetic iron* of very small size (from 6 inches to 1| feet thick) which occur on 
the eastern boundary of tho area lyidor ^consideration, between the villages of 
Pcngol and Utur, both situated in an outlying portion of the Nandigama 
Taluq (Kistna distn'et). They are but little exposed, though a good deal qf 
debris derived from them is scattered over the surface. 

Two or three small beds of similar character alid size occur about 5 miJ(!.s 
to the north. Tho ore is in all cases of fair quality, but the quantity is too small 
to give the beds any importance. They did not appear to have been ever workeil. 

To the schistose series I reckon from their position some beds of granular 
quartz rock of precisely tho same character as those 
forming tho many remarkable bare ridges round the towns 
of Madura and Tinnovelly. These beds form a low broad rise beginning imme¬ 
diately north of the largo village of Pengol (see page i6) and extending for 2 or .‘i 
miles north-north-east. The granular quartz rock is frequently exposed, but only 
in low flat sheets in which tho bedding is badly seen, while tho extensive xcrub 
jungle covering much of tho rise helps .to make the lie of the beds still more obscure. 

A more instructive display of very similar granular quartz rook occurs a little 
to the south-east just within the limiki of the country 
shown in sheet 94. Here a low locky ridge rises out of 
a plain covered with red soil, and shows tho basi-ctt edge of a great bed run¬ 
ning south-south-west to north-north-east,* witn^ a dip of 40® to 45® east. Tho 
quartz is (where freshly broken) of pale pinkish-white to pale reddish-brown 
colour and nearly diaphanous. It includes many minute and a few largo brilliant 
spangles of reddish-grey specular iron. Where weathered tho surface of tho 
quartz rock is often covered in small patches with reddish-brown lateritic films. 
A direct connection between those granular quartz beds and those to the north¬ 
eastward of Pcngol doubtless exists, but want of time did not allow of my 
tracing it out. 

Further north the eastern spread of the schistose band is to a very gi-oat 
extent marked by great spreads of cotton soil,'^ and the few outcrojw, chiefly of 
homblendic gneiss that dre met with, are of no special interest. 

After crossinjf the road leading from Khammamett to Kullur the country 
begins to get hilly and broken and the spreads of cotton 
soil disappear, but the rocks are hero much hidden by 
jungle. The mass of hills forpaing and surrounding the 
Gobugurti Trigonometrical Station consists of groat beds of hovnblendic and 

vnicaceous gneiss in frequent alternation. north- 


Pengol hill beds. 


Rocks north of Kham- 
mainctt-hullur road. 


Crystalline limestone. 


west of the Irlapudyc Trigoncmetrical S^tion hill i^largo 
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bed of gi’ey wystalline limestone intercalated among beds of bornblendic gneiss 
which have a local strike from west-by-south to east-by-north with a high 
southerly dip. The limestone cannot bo much loss than 50 feet thick. Further 
north still, and about half a mile east of Kamapalli, is a medium-sized bed of 
magnetic iron cf rather poor quality running north-north-east and dipping 60* 
east. * 

No connection was traced, though it may very likely exist under the surface 
soil between this bed and a very large and "important bed 
l)ed^* Singareni iron wjiich commences about miles <o 

the north and continues thence for fully 3 miles till it 
runs under the overlying mass of the Kadapa rocks at a point only about half a 
mile west of the edge of the southern boundary of the Singareni c5al-6eld. As 
this bed of magnetic iron*is, traced northward from its southern extremity, it 
increases in thickness by the appearance of other beds above and below it till at 
last it forms the mass of a considerable hill some 150 feet high just under the 
parallel of 17“ 30' North. The iron-beds may bo traced along the valley north of 
this hill for about half a mile when they rise again and form a considerable 
ridgo 250 to 300 feet in height by estimate. The ore in these beds is very rich in 
quality and really .appears to have been placed hero by nature, in order that an 
iron industry might arise as soon as the coal measures close by are made to yield 
up tlujir carbonaceous treasures. As the lino of rail coming from Bezwada could 
witlfl-he greatest ease be carried close along the foot of these ridges, every faci¬ 
lity exists for bringing the ore and tuel together at some handy spot, while the 
groat limestone beds of Kadapi\^ agfl, which occur at no great distance to the 
east and west of the coal-field would furnish an inoxhamstible supply of flux for 


the smelting woi-ks. * • , 

The only intrusivo rock occiu^-ing in any notable quantity is dioritic trap, 
dykes of^hicTi are numerous in some parts, as the middle 
^ Intrusive rocks. Munieru*valley. All as far as my observation 

went arc dioritic and mosjtly of medium coarseness of texture. Many ai-o of oon- 
sidevablo size, 50 to 60 feet or more in thickness, and from their superior 
hai’dncss stand out well over the surrounding granite gneiss. Their surfaces 
have weathered into a very “blocky ” condition, and fallen masses almost every¬ 
where mask their contact with tho granite-gneiss. Some of the ridges rise as 
mdeh as 60 or 60 feet above the surrounding country. Tho most southei-ly of 
all the trap intrusions noted is the most important and of such size that it can¬ 
not be classed as a dyke proper. It lies about 5 miles north-west of tho junc¬ 
tion of tho Kistna and MuniSru, and immediately south of the village of Thora- 
lapadu (Thoralapandoo). The intrusive rock is a diorite difEering in no way 
from that in the true dykes of the neighbourhood. The trap mass oxtonds for 
rather moro than 3 miles southward, and is not less than a milo across near the 
middle. Unfortunately it*is overlapped all round by a very thick and continuous 
sheet of regift which completely hides its boundary, and no contact with the gneiss 
around j(HSras traceable. * 

the trap intrusions nbticed art, judging by their petrological aspect, to bo 
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reckoned as belonging to tho great series which was injcctqd into * 1:0 the gneissic 
rocks prior to tho deposition of the Kadapa or Transition rock system. 

Granite veins are very rare and small both in size and length. The same 
may bo said of true quartz veins, none of noteworthy size were met with. 

. Of brecciated quartz reefs such as play such a prominent part in the Cudda- 
pah and Anantapur districts, and elsewhere, only one example was seen. This is 
a rocky ridge, about Jrd of a mile in length, about miles west-north-west of 
Juzznr. It has a course from south-cast-by-sonth to north-west-by-north. The 
peculiar brecciated or quasi-brecoiated character of the reef is well seen on the 
pale greenish-white rocks which form the crest of the ridge in its northern part. 


II.—The Kadapa or Transition Rocks. 

Frequent reference has been made in the foregoi jg pages to the several outliers 
of the Transition rocks which occur in the MuiiiSru valley and which by their 
})Osition prove that tho two great basins of rocks of that age which exist in the 
lower valleys of tho Godavari and Kistna respectively were once united. Four, of 
these outliers were mapped, and another is known to exist in the very jungly coun¬ 
try south-west of the Junjurlagutt Trigonometrical Station hill. This latter 
outlier could not be mapped, as owing to the rough and jungly character of the 
country it would have required several days’ work, which could not be spared 
because of the pressure of more important work. Starting from the south tho 
outliers are:— * 

1. Ragavapur (Raugavapoor), Trig. Station Hill. 

2. Pallagiri Hill. 

3. Jennel Gudda Hill. 

4. Shernavala ridge. 

5. Mucherla (Moochcrla) Tiig. Sution Hill (unmapped.) 


1. The Ragavapur Trigonometrical Station Hill is a bore steep Hill which rises 
some 500 feet above tho valley of the Munidruand 574 feet 
BHgnvnpur hill outlier. soa-level. It consists of two or three great beds of 

quartzite varying in texture from coarse grit to a fine jaspideous quartzite, which 
is very slightly huematitic, and here and thei’e of reddish colour. The quartzite 
beds are separated by micaceous or argillo-micaceous schists of silvery-grey, 
greenish-grey, and red colours, the latter being of various shades. The beds have 
been considerably contorted. At tho south end the quartzites show a low easterly 
dip; at the little gorge in the ravine which scores the east sid^ of the hill, they 
are slightly inverted or vertical; while at the Trigonometrical cairn near tho north 
end they begin to curv? round westward in a strongly marked curve which looks 
as if its continuation would join the beds in the Pallagiri hill. No continuation is 
however visible in the valley between tlie two hills which is filled with the sandy 
alluvium of the Munidru. The dip of the quartzite beds close to the Trigono- 
metrical cairn, and just where the westward curve commences, is^rom 40® to 
45** east. It is quite clear from the position of these beds with refera^e to the 
gneiss, which appears very near to the eastern foot of the hill, that the h«^apa 
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Jenncl Giidda hill. 


rocks are tlie«remaiiis of a long anticlinal fold faulted down against the gneiss on 
the east. 

2. The Pallagiri Outlier. 

The structure of Pallagiri hill is very similar to that of the Ragavapur hill, 

.. , • ■ and it is very probable that it is formed of the* same series 

alliigiri hill. beds, for in mineral character the Pallagiri beds agree 

closely with the Ragavapur beds, especially in the character of* the quartzites, 
which vary locally from distinct coarse grit to very fine close-grained jaspidean 
schists. The dip of the bods is aboift 55^ cast, and there can be no doubt that 
here also the boundary is faulted down against the gneiss. 

The gritty character of the original sandstone is very clearly rcvpaled in parts 
by the action of weather, and may be made out oven in unweathered parts by 
careful macroscopic inspcctidn. The true water-worn rounded surfaces of the 
individual grains are quite clear. 

3. The^^nnel Gtulda Outlier. 

Jennel Gudda, 6 miles north of Ragavapur hill, is a ronnd-topped steep-sided 
hill which throws out a couple of diverging spurs to the 
east and north-east. In plan the mass of the hill represents 
a st\jingely compressed horse-shoe, the sides of which form ridges which slope 
do'iyn slowly in the first half of their course and then steeply till they end in small 
bluffs which seem to indicate the'^positiop of the line of fault by which these 
Kudapa beds ^ thrown down agaiiv^t the gneiss. The actual boundaiy is not 
seen owing to t^ick soil. The ridges are formed by rather thick beds of quartzite 
separated into two'series by micaceous and argillaceous schists. The uppermost 
beds on the hill .stratigi'aphicall^ are a very ferruginous argillite schist which 
lies in the valley Ijctween the two quartzite ridges. This is so bright a red in 
^ colour in parts that it is dug out to be used as reddle. 

The norihern extremity of the outlier is hidden under thick cotton soil, but 
may be traced for some distance northward as a low and steadily decreasing ridge 
forming the watei’shed locally between the Muuieru and tlie Wyra. 

4. The Shernavdla Outlier. 

• The Shernavdla outlier is the long naiTow stn‘p of Kadapa rocks which runs 
, for a distance of 25 miles neai'ly pai’nllel with the couree 

eniavala n ge. Munieru at a distance of from 3 to 6 miles. For 

the greater part of the disbince it forms the watei’shed*between the Munieru and 
the Wyra. I have called it the Shernavdla outlier because it was close to the 
village of that name that I first came upon it, and that the very remarkable quart¬ 
zite breccia which there occurs at the base of tjie limestones enabled moat once to 
recognise the i^ocks as boJ|onging to the Kadapa system. The southern end of the 
outlier lies 8 miles north-north-west o^Jennel Gudda hill, and is formed by two 
small hills showing strong outcrops of quartzite. The beds trend north-west 
fo^l^ut a mile, and n®rth-westrby-north for another mile, they then run 
north uf> to the Shernavdla trigonometrical Station. This southern part of the 
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Sbernavdla Tri^ Sta¬ 
tion. 


ridf^e is very low and much obscured by cotton soil and low but tliick jungle, so 
that the castem boundary is very difficult to make out. Near to ShornavdJa the 
ridgo rises again and stands from 40 to 60 feet above the granite gneiss tract to 
the west, but to the cast it slopes down almost imperceptibly to the schistose 
gneiss band. 

'The rocks seen at the Shernavala Trigonometrical Station ai^s highly cherty 
blue limestones which ai‘o underlaid by a remarkably fine¬ 
grained jaspideous quartzite breccia of rich reddish, 
yellowish, and brown tints. The breccia seems to be 
merely local deposit, and is wanting in niany sections lx>th north and south of 
Shernavala station. Undorljdng the breccia is a micaceous schist which might 
belong eithcr.to the Kadapa series or the gneiss, but 1 could not satisfy myself 
which series to assign it to. » 

North of the Shernavala ridge the outcrop sink's down a good deal but rises 
again a couple of miles further on in the Letchmapur Trigo- 
etc miapnr i. noraetrical Station hill. The limestone beds which seem to 
be continuous all along the west side of tho ’baiM shows in great force around the 
Letchmapur hill. Tho limestone i.s grey in colour, cherty, and greatly contorted 
and vandyked. The dark variety of limestone occurring hero shows a decided 
blue colour when freshly broken. Overlying tho liineshjne are beds of micaceous 
argillite with here and there small beds of limestone. Small lenticular inclusions 

^ r 

of the same rock are numerous. The limestones are generally sub-crystalljncj, 
but sometimes really crystalline. The argillite beds which are of dark- 
greenish or bluish-green gi'cy colour I’d!!, about a good deal,^ but have a 
general dip to the east. The eastern boundai^ is not seen ^t Letehmapur, 
owing to a great accumulation of kankur mixed 'with debris of the jaspideous 
breccia and limestone. \ ' 

Noi-th of Letchmapur the surface of "this sVip of Kadapa rocks is much 
obscured by cotton soil. % 

At Narrainaypolliam (site of an abandoned village) tho transition beds show 
very slightly, being traceable only by slight outemopa of quartzite. 

At Kodamur highly cherty limestone with some ferruginous brecciated cherty 
quai'tzito forms a naiTow rocky ridgo 50 or 60 feet high 
above the surrounding countiy. To the north of tho 
village tho ridge rises considerably and joins the group of low hills which ^io 
eastward of Khammamett, and here the outlier attains its greatest width of about 

2 miles. Tho hills consist rather shaly quartzites with 
nuinerous beds of limestone in tho valleys between. The 
rocks in the western side of the band show some exten¬ 
sive contortions, but on the eastern side they liavetho normal easteidy dip towards 
the faulted boundary. Considerable contortion of the quartzite beds is also 
visible still further to the north near Ragunadhapuram. North of Ragunadha- 

purara the base of the Kadapa rocks is again formed of 
limestones, but in this case they are veiy little Sltercd and 
almost lithographic in ^their vqry fine and close \;,^re* 
They are fairly thick-bcdcled and mostly of giey cojour. They appeal* to be ol^or- 


Kodamur section. 


Section east of Kham- 
TOinnctt. 
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laid by quarteites, but tirce did not allow nie to explore the thickly wooded hills 
lying between the limestone beds and the Chintakurti Trigonometrical Station. 


5. The Mucherla Outlier, 

This ontlici;consists of quartzites forming the crest and south face of the ridge 
which runs north-eastward from the Mucherla (Moochcrla) Trigonometrical Sta¬ 
tion. The beds are cut off abruptly at their western extremity, and there is certainly 
no connection between them and the quartzites on the Chintakurti 4iill Sg miles to 
the south-west-by-south, the whole intervening space being occupied by gneissio 
rocks. The quartzites appear to extend further eastward across tho valley 
drained by the headwaters of tho Wyra and to join tho hills north and north¬ 
east of Mudlapad which contain numerous bands of quartzite. ,A bed of sub- 
crystalline limestone is exposed to the west of the small tank north-west of Mudlapad^ 
and traces of ferruginous quartzite breccia are very numerous in tho talus along tho 
south foot of the hills. The hills are thickly covered in most parts with low 
tree jungle, and it is only when quite close to them that their petrological dis¬ 
tinction from the neighbouring, .(§ndis3 hills becomes apparent. This is especi¬ 
ally the case at their eastern extremity. 

Tho f)lain immediately south of these hills consists of gneiss with various 
beds of massive hornblenrte rock against wdiich the quartzites arc unquestionably 
faul^d down. As before mentioned, want of time prevented my working out 
the^details of this interesting outlier of the Kadapa rocks. It is 1 believe sepa¬ 
rated from tho main spread of the Clodavap basin of tho Kadapa I’ocks by a con¬ 
siderable fault, ruiming nearly north 9 ,nd south, a little to the west of Junjurlagutt 
Station kill. , ‘ 

III. The nicer Alluvia. 


But little can bo said of the^^iver alluvia, that of the Kistna excepted, no 
features of special interest ha^g bfion worked in connection with them. 

The alluvium of the Munieru is generally very sandy, as might be expected 
from a river draining so large an area occupied by highly 
siliceous rocks. Near its mouth, however, the banks and 
small islands in it consist mainly of dark silts formed of 


Of the Wyro. 


washed up cotton soil. 

The Wyra, which through tho greater pai*t of its course drains a regur 
covered country, shows much dark silt in its banks, 
but here and there, as for instance just below its junc¬ 
tion with tho Gumplagudera stream, there are considerable shows of sandy 
alluvium. The valleys of tho headwaters of the Wyra contain considerable 
deposits of loam, often with much kankar, resting upon or intercalated with beds 
of coarao shingle. * 

Much attention was paid to the gravels in jihe dry beds of all tho rivers and 
Streams in order to ascertain whether any debris of the 
carboniferous rocks might be contained in them which 
might J^lp one to trace out tho localities whore outlierst of the Gondwana rocks 
migjl^ccur, but no outliers wore discovered by this mode of search. It was very 
i'emark»ble how very few pebldes of the various Gondwana sandstones and of tho 


Gruvels.’ 
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softer members of tbe Kadapa rocks were to bo found in the streams after the 
first few hundred yards below their original sites. All the ^fter masses of stone 
seem to have been speedily reduced to sand by the violent action of the streams, 
which only flow sufficiently to move the debris in their beds when swollen by 
heavy rains^ bnt then become furious ton’ents. No organic remains were noted 
in any of the alluvia. t 

The most important alluvial deposits within the area new under comideration 
are those lying on the loft bank of the Kistna along what 
ofThe Kiatua”^ g^vela conveniently defined-as the Amaravati (Umarn- 

wutty) reach of the river. Thpse deposits consist of 
sandy shingle beds which have in many places been worked for diamonds. No 
workings were in pivgress at the time of my visit, though large areas of the shingle 
beds have not been turned over as yet. From enquiries T made from the people 
at Mugalur and Partial (Purtyall), f believe that the diamond imlustry is crushed 
by the heavy royalty levied and by otlier absurd restrictions imposed by certain 
people kt court in Hyderabad. There is certainly no geological reason why the 
undisturbed gravels should not be as rich in (lja;{^pnds os the positions of the same 
beds explored in past times. That the old workings were held to bo of conaidor- 
nblc value is evident from the fact of their having been retained by the Nizam 
when the Guntur circars woi’e made over to the East I..idia Company. 

The shingle consists mainly of quartzite which has been very highly water 
worn. The number of gneissic pebbles occuning in the shingle is very small, 
while agates and trap pebbles derived from the Deccan Trap are of great rarity' 
in the sections examined. ^ 

■ The gravels lie at considerable levels above the river, but it ig almost impos¬ 
sible to trace their upper boundaries because coveted by great cotton soil spreads. 


ITieinatitic incruBta< 
tiuii in brcccina. 


IF. Sub-Aerial Formation ind Soils. 

The sub-aerial formations met with were very few and mostly of small extent 
and interest. Ferruginous pisolitic gravel is scattered in small quantity over the 
surface of the red soils where they are richly ferruginous and in the proximity of 
magnetic iron beds and of the hiematitic granular quartz rocks, e.g., of Pengolhill 

(see page 18). The dark-brown to bluish-black often botry- 
oidal incrustations of tho outer sqrface of parts of the jas- 
pideous breccia in the Kadapa rocks, especially on the knoll 
south of Shernavdla Trigonometr’ical Station, and at Kodamur (.5J miles south¬ 
east of Kbammamett) are due to weather aqiion on small reniform masses of 
dense limonite (brown hamatite) enclosed in tho rock. The same action, but on 
a much larger scale, has taken place in some of tho brecciatod quartzites in the 
Muchcrla outlier and in & breccia bed close to tho boundary of the Kadapa rocks 
where crossed by the road leading from Singareni town to the centre of tbe coal- 
field near YclUndellapad, the cementing medium in these cases is red hmmatite, 
rich enough to have been used as an ore b^the native smelters. 

Small deposits of carbonate of lime in tho shape of vermicular or nodular 
kankar are common enough, as^hey are in all tractajyhero 
homblendic rooks abundant. Only one locaUty was 


Kuiikur dopoHlta. 
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noted wtero |ho kankar deposit was sufficiently extensive to fttract attention. 
This was to the west of Hajawarrnm (4J miles north-east of Maddirc), 

Only two classes of soil are represented in this reg'ion—the red and the black. 

Of these tlio black occupy nearly all the southern and 
eastern central parts of the country south of Khanima- 
mott and the liills to the east of it, these parts being open and approximately 
level. Wherever hills rise in the plain, or the surface is rugged and broken, red 
soil puts in an appearance. This is markedly the case along the* western side of 
our area, where the granitoid locks have a rough and broken surface. Very few 
patches of cotton soil occur hero. ’ 

No spreads of soda or white soil were observed. 


Geological Sketch 0 / tlie count%y between the Singareni Coal-field and ITyderabad, 
by Ki. 13KUOK Foote, F.G-^., Deputy Superintendent, Geological Survey of 
India. (With a maji.) 

The geological data hero^^^jivon were gathered while cairying a broad tra¬ 
verse from the Singaroui Coal-field westward to Hyderabad, in order to ascertain 
wheLj^er any outliers of the Barakar (jr Indian carboniferous rocks occurred in 
that, tract, the presence of which might influence the choice of direction for the 
new railway to ho (jonstruetod between Hyderabad and Warangal. 

The examination of the tract in,question unfortunately dispelled the hope 
Existejicrfof coahmea- of finding any outliers of the coal-measure rocks west- 

surt-s disproved. ward of the Singareni coal-field. 

* . • 

The whole largo tract included in this traverse was found to consist of bands 
of granitoid gneiss of slightly v'arying dliaraeters overlaid only by the local allu¬ 
via of the various small rivers ti'avcrsing* the country or by unimportant sub- 
aerial deposits of very recent ehavaeter. Of intrusive rock.s a considerable 
number of trap dykes were mapped, but imny were not followed up through the 
extensive scrub jungles for want of time. 

The country is, as a rule, open and undulating, but rocky liills both isolated 
and in small groups are not unfr('(|UOTit, and some of them 
Physiography of the rise boldly out of tho plain to a height of from oOO to 800 

feet. Smaller hills are numerous, as are also great rocks 
and tors as well as low broad “ whaleback ” eminences, which afford a good look¬ 
out over the suriounding country. But for these frequent eminences a far 
greater time would have been iviiuisite to enable one to acquire anything like a 
good idea of the country, as over great ti’acts the scrub jungle is just high and 
thick enough to shut out the view even ivhqn traversed on horseback. The 
jangle is not thick enoug|j, however, to hide the character of the country when 
overlooked from an elevation of a few sepre feet or so, and the numerous rock ex¬ 
posures show un well, even when flat, or nearly so, because of their light 
coloun^Srod genemlly more, or less glistening surface. The latter quality often 
makes th^pi conspicuous at a dwtance of several miles. 
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Shnpe of area covered 
bj traverse. 


The shape of the area covered by the traverse may be described roughly as 
a scalene triangle whose shortest side corresponds with the 
course of the Munieru river for 6 miles northward from 
Khamraainctt and then for nearly 40 miles with the course 
of the Garlah, its principal northern tributary, the longer sides stretching away 
to Hyderabad with distances of 96 and 105 miles respectively. 

The country east of the Garlah had been examined by Dr. King, who 
had also made 9- traverse from Kbammamett to Warangal via Biravol (Beeroal), 
Murrypnddah, Nelli Kudru (Nelly Koondroo), and Kotlioor, thus extending the 
known tract for a considerable distance northward of the triangular area of my 
traverse. 

All the drainage of the triangular area falls into the Kistna by the Munieiu, 
the Paleru (I’allair), and Mussi (Moosy) and their res. 
^ pectivo tributaries. The Mussi is the only one of these 

rivers which has' a pretty constant flow, but ever, it in the hot and dry months 
often shows a perfectly dry bed for reaches of several miles in length. This is 
doubtless due in very great measure to the absenC3 of anything like real forest. 
Even in the most jungly tracts along and east of the upper courses of the 
Munieru the thin jungle, which as Hyderabad is approached dwindles to mere 
stunted scrub or disappears altogether, is utterly • inadequate to shelter the 
surface against the vertical rays of the sun in the hot season. In its present 
condition most of it may be described as an arid country cursed by large hocks 
of goats. In no other part of South India have I seen so strong a tendency to 
consume all the cattle manure as fuel,—a fact which attracted the notice of more 
than one of my Madrassee servants. 

It has been already pointed out that many hills, some in groups and some 
Orography quite isolated, rise from the surf ice of the granite gneiss 

tract here dealt with. The principal of thc.se may be 
enumerated, as they afford fixed points for reference in a country where many 
of the villages do not now hold the same importance that they did when Atlas; 
shcetNo. 76 was originally constructed. They may be advantageously considered in 
groups, as far as possible, some of them hardly belonging to any one group because 
lying too far apart from any others. 

The most important of these groups in the eastern part of the area under 
. ^ , consideration may bo called the Kandi Konda group from 

andi on a gronp. name which lies a little south-east of tbo 

intersection of the meridian of 80® East by the parallel of 17® 80' North latitude. 
To the north-west-by-north of Kandi Konda lies a considerable number of detach¬ 
ed rocky hills rising out of the extensive but thin and low forest which here covers 
the whole face of'the country. These hills all show, more or less, the typical 
rounded outlines of granitoid masses or equally typical bold rocky masses crowned 
in many places by great tors. In the northern part of the group Bali Konda and 
the two hills immediately north and south of it are the most lofty and striking. 

Kandi Konda itself is a fine hill, rising^SOO—900 feet or morh above the plain. 
It is crowned by a small temple (the “ Pagoda Station ” of sheet 75),',,^d was 
formerly fortified, as shown by three or four ruined gateways one has to travel in 
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ascending andaby a series of cisterns, partly natural, partly artificial, a little below 
the summit. These contained a good supply of water even in April. The hill was 
evidently of some importance formerly, as it has given its name to the taluq* in 
which it stands. From the summit of the hill the beds of granite gneiss composing it 
are seen to trend southward to the lower hills near Hydershaipetta on the Munieru. 
In the' western* part of the group the principal hills are the Narasimhapetta 
Pagoda hill, west of Kuppelvoy, and the Butchuraspully hill which lies 6 miles 
south-south-west of Kandi Eonda. The continuation of the grdup south of the 
Munieru shows two very boldAnd picturesque hills the Goniguth (Trigonometrical 
Station) and the Jallipalli (Jullypully) Drug hill, each of them showing an ap¬ 
proximately conical mass towering 600—700 feet above the plain around. The 
other hills which lie round Murrypuddah and Pindipol are much lower. 


South of the EZandi Konda group, but hardly to be reckoned to it, is Jctty- 
gonta Trigonometrical Station, a rather remarkable pile of 
lagonca i. huge tore. Nine miles west-south-west of this hill is the 
Urlagondah Trigonometrcial St^ition, a fine bold hill rising some 500 feet or more 
nut of the plain over which it commandsa very extensive panorama remarkable for 
the great number of low flattish’exposures of rock which show through the red soil 
here prevailing. The light cajifiiir of the rocks and their shining surfaces produce 
an effect unlike anything I^avc seen elsewhere in granite gneiss districts. 

.^)oat 20 miles west-by-north of Urlagondah lies a small group of bold rocky 
• . hills which I will call the Arwapalli (Arwapully) group 

Arnapulli group. from the Ar^^apsillihill, a station of the Trigonometrical 
Surveyors which is the most im^ortemt and highest mass in the group. It is a 
tine bold ihass nearly conical in form, rising fully 800 feet above the plain, and is 
the most conspicuous hill in th^'p®'*’^ of I’be country. Knndagnth hill (Station), 
the easternmost member of this group, is also a considerable hill and nearly as 
high as Arwapalli. This grou.p indulges a number of smaller hills and masses 
pot shown on the map. They-have all beerf denuded of the jungle which formerly 
clothed their flanks. 

Twenty miles or a little more north of the Arw-apalli group lie the southern 
members of another small group which I will call the 
Viziunagrara group. Vizianagram group after a small but interesting hill 

licaring that name. The beds of granite gneiss composing the hill have a 
north-westerly strike and can bo very distinctly traced across the intervening 
plain into the Zaffarghur hills, a distance of 4 or 5 miles. The south-western 
part of the group is formed by the Kolonpalli hills, all typical specimens of 
granite gneiss hills. 

The next group of hills may be termed the Madapur group from the village 
lying nearest its centre. The group includes six consider. 
Madapur group. rather widely detached and a number of smaller 

ones, several of'.which are,not shown in sheet 75. This group lies 12 miles south¬ 
west of Vizianagram hill. The principal hills in the group are the Knl Konda 
(Koolconi^) at the northern extremity, the Madapur Trigonometrical Station hill, 

I '1^ Kasba of ihc tnliiq is libt at Kanifi Konda village, bat at Nelli Kudru (Nelljr Koundroo), 
20 miles uortb-wvBt-by.wi-st, * 
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Bhonttgir bills. 


two larjje hills north-east of Madapur, another lai^e one to the west,.of the village, 
aud lastly a very fine hold hill 700—800 feet high 6 miles to the south-east. 

Totliewestof the Madfipur group the country fora distance of over 20 miles, 
though rising steadily westward, shows many fewer hills, and those aro with one 
exception of much smaller size. They are too scattered to he included in groups,, 
and do not rcciuire special notice. 

Tlio only one of importance is a lofty conical mass which rises on the north 
* side of the Mussi river at a distance of 3 miles from 

Budi Konda. village of Vernal Konda (Vamul Conda). The 

local name of this hill is Sudi Konda. It is the most perfectly conical granite- 
gneiss hill of largo size that I am acquainted with, excepting possibly the 
Snttu Pottai in South Tinnovolly. Sudi Konda, which is full}' (500 feet high above 
the plain if not considerably more, owes its shape chiefly to the concentric peel¬ 
ing off on a gigantic scale of thick layers of rock. 

The numerous granite-gneiss hills south of the Mussi river did not come within 
the limits of my traverse. 

Ten miles west-north-west of Sudi Konda cornmences a set of granite-gneiss 
hills that joins on to the Bhonagir group which cul¬ 
minates in the very fine lyU on which Bhonagir Drug 
is built. This is one of the finest cxjimjiles of a to.’tified granite-gneiss hill in 
South fndia and must in olden times have been a place of imimmse strength. 

Of hills untouched by the hand of man the Raghir hill, 3 miles to the npi'th- 
enst, is a very beautiful example. The rocks hei’e rise in bold jjcakcd masse.s, 
amongst which a few tine trees arc still growing, the whole being the most pic¬ 
turesque spot in the country between JJyderabad and Bezwada. 

The group of hills to the north of the road fj-om Bhonagir to Hyderabad 
though picturesque is mncli lower than the Bhonagir 
hills. The low hills close to the road are of no special 

interest. 

I’he character of the work involved in making a search for coal-hearing rocks 
over a vast area of country in a very limited .space of time 
debarred all close study of the older rocks. Sneh observa¬ 
tions as were made in j)assing wore nccess,arily rather 
rough. Quarries are in many parts but few and far between, and the greatly 
weathered surfaces of the undisturbed rocks do not afford sufficient information 
to admit of clo.se determination of the exact character of the rock. The detailed 
tlcscription of the petrology of this region will have to be given after a much 
closer cxamiiiiition of the ciystallinc rocks than it was in my power to make. I 
can onl} roughly indicate the gi'cat features which could not escape notice. 

The granite-gneisses*occur, as already pointed out, in great bunds running in a 
north-north-westerly direction across the line of traverse. Of those great bands 
the most easterly belongs to the*Nandigaraa-Klianimamett ban(i.of coarse grey, 
generally hornblcndic gi’anite-gneiss. This includo.s the tract of country occupied 

by the Kandi Konda group of hills al)OVf3 described. Mi- 
BillRculty of dtshn- caccous and epidotic (pistacitic) varietips occur di easion- 

ally, but are not epmmon.^ It is not improbable^ however, 


rarvatgi'.i bills. 


Crysti'llino rocks not 
closcl) CAiiiiiincd. 



PAST 1.] 


Foote : Singareni Coal-field to Hyderabad. 


29 


that the micapeous varieties are much more common than appears on cursory 
inspection, for the mica crystals are more affected by weathering than the quartz, 
felspar, and hornblende. The hornblende also is often unrecognizable on the 
weathered surfaces; it is therefore very easy to pass from a bed of homblendic 
rock on to a re.ally micaceous bed without being immediately aware of the change. 
As a matter of fact, it was generally unstife to assume the specdal chara 6 ter 
without getting sight of a fre.shly broken unweathered surface, which was fre¬ 
quently imjiossible as the great rounded masses were too deeply woatiiered to 
reveal their internal Btructu>d'to the questioning of an ordinary geological 
hammer. ’ * * 

Westward of the coarse homblendic band comes a less coarse variety in which 
micaceous beds are j-ather more frequent, or at least more apparent. To this 
band belong the Vizianagram, Arwapalli, and Madupur groups of hills. 

West of this, again, colnes a band of coarser and moi’c porphyritic granite 
gneiss of coarse texture. As seen in the quarries to the south-west of Mutkur 
(Mootkoor), it is a greyish pmk rock, which when closely examined consists of 
pinkish orthoclase, blsick mict, and white quartz. 

The bedding is only seen wlien large spreads of the rock arc exposed. 

Fiirther west homblendic varieties again appear to predominate and the 
granitoid character of tJ^lf^’ock becomes more marked, the original bedded 
structure of the rocks having been entirely, or almost entirely, obliterated by 
excessive metaniorphism. 

Specially beautiful examples of granite-gneiss were met wdth at several places, 
e. 7 ., at Autapuram (Owtapoorum) near the southern 
Vizianagram group of hills, where a lovely 
pale pink and green variety of rock occurs, the felspar 
being pale pink (flesh coloiii’) in a matrix of pale green pistacite with a few 
spangles of graphite. About 13 miles south of this beautiful epidotic rock is 
a very flno black variety of close-grained homblendic granite-gneiss forming the 
“rocky hill on which stands the Punnaghomy Trigonometrical Station, 

Ojio of the handsomest rocks tc be seem in the country is a deej> rod and green 
epidote gneiss, which is exjmsed in the bed of a stream between Gutkassaiu and 
Auvunumpett, 12 miles ea.st of Secunderabad. 


Trap-dykes. 

It would be a mistake to omit noticing the trap-dykes occurring in the granite- 
gneiss ai*ea, for they occupy important positions in many parts, and in not a few 
cases attain to very large size. For the most part they consist of moderately 
coarse diorite of black or greenish-black colour, rarely of a distinctly gi’cen tint; 
the few of the most important may be enumerated 

1. —A group of Largo dykes, north of Maddallapatti and 3 miles west of 

Khammamett. 

2. —A very |arge dyko at Pindipol (Pindypoal) at the south end of the 

Kandi-Konda hill group. j 

3^^Two large dykes south of Kandi Konda. 

4 —4- very large dyke at Inkirti, 20 miles north-west of Kaudi Konda. 
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5. —A very large dyke running for more than 12 miles norWi and south 

through the centre of the Madapur hill group and forming several con¬ 
siderable ridges. 

6 . —-A large and lofty dyke north and south at Gurjalla on the south bank of 

the, Mussi river, possibly an extension of No. 5. ^ 

7. —A pair of great dykes which form the crest of the southed part of the 

great Sudi Konda hill rising some 400—500 feet above the plain. 

8 . —A large dyke forming the crests of the Kanchanpalli (Kunchunpnlly) 

ridge, 8 miles north-west of the Sudi Kohcfa dyke. 

9. —A very largo dyke running for 14 miles north-east-by-east, south-west-by¬ 

west, passing close north of Bhonagir Drug hill and forming several 
very conspicuous hill ridges along its course. 

10. —A large dyke crossing the plain cast of Gutkassara in a nearly north and 

south direction. It forms several consideralble bare rocky ridges and is 
lost to sight at the northern end in the Parvatgiri (Purvatgerry) hills, 
while to the south it disappears across the crest of Bachawaram hill on 
the right bank of the Mussi. 

In a few dykes the diorite is markedly porphyritic, and encloses largo crystals 
of green felspar in a green matrix. Examples of this are 
Porphyritic trap. ^ Nagawaram, 2 miltfs south-west of the great 

Inkirti dyke (No. 4) above mentioned, and at Surruwaillu, 6 miles south-east of 
Kandi-Konda. t 


Granite and Quartz veins. 

No granite or quartz veins of any size wdre seen in the ■course of the 
traverse, but a great plexus of small and often anastomosing veins of common 
coarse pinkish-grey granite was observed cutting dp the compact grey granite- 
gneiss in a very remarkable way in a hill 4 miles north-east of Autapuram (0 wta- 
poorum). The granite veins are so nuiperous that they form very nearly half the 
mass. They strongly suggest the idea that they have originated not by intru¬ 
sion but by excessive metamorphism along the lines of jointing and other 
fissures in the original rock. 

Three good-sized and conspicuous runs or reefs of brecciated quartz rock form 
the mass of a moderately high ridge which runs north- 
Brecciated quartz rock, g^g^^ard from the loft bank of the All^ru (Allair) river, 

3 miles above its junction with the Bikaldru (Beekullair). 

Sub-aerial formations and soils. 

With the exception of a few unimportant deposits of kankar no sub-aerial 
formations were noted. 

The soils are almost invariably varieties of Inl, or red, soil, and mostly very 
poor and gritty. Hero and therp rich soils have been 
formed by the decomposition of the trap-dykes or of extra 
homblendic varieties of the granite-gneiss. * ^ 

Cotton soil is of very rare occurrence and only a few small spreads of Vere 
noted a few miles eastward of Bhonagpr. 
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Note on Coal and Limestone in the Doigmng River, near Golaghat, Assam, by 
Tom. D. La Touche, B. A., Geological Survey of India. 

It has long been known that in the Nambar, a tributary of the Dhansiri crossed 
by the Niga HiHs road 12 miles to the south of Golaghat, there are exposures of 
coal and limestone,* and some time ago I was informed by Mr. Clift, Executive 
Engineer, Assam Railway Surveys, that a native surveyor of his party had found 
coal and limestone in the Doigrung, a stream flowing parallel to the Nfimbar and 
8 or 4 miles to the west of it. As bif- desoription seemed to indicate that there 
was a considerable quantity of the minerals there, I spent a few days on my way 
to U pper Assam this season in visiting the locality. 

The coal is exposed in the Doigrung about 7 miles above the point where the 
forest path from the Dimapur, road to Murphulani crosses the river (see Topo¬ 
graphical Survey Sheet No. 3.5, 1 inch = 2 miles), and where a forest bungalow 
has been recently built. The spot may be reached by following the path south¬ 
wards from Murphulani, and turning south-east at the village of Burabassa (not 
marked in the map, but close to the site of the deserted vilLoge Leti). The coal 
is seen twice in the bed of the ^stream, being probably repeated by a fault, with 
an interval of about J mile between the exposures, and in each case is overlaid by 
calcareous shales containinjf largo nodular masses of limestone, crowded with 
fragments of shells. The seam is in each case about 3 feet thick, the greater por¬ 
tion of it being under water and extending nearly across the river with a low dip 
to west-north-west. The coal contains iiumerbus nests and specks of the fossil resin 
churacteristic of the cretaceous co%l of the Khasia and Garo Hills, and is presum¬ 
ably of the same age. Gneiss occurs about J mile further up stream, and the high 
ridge to the west of the Doigrung is apparently all of the same rock. It is diflS- 
cult to form an opinion as to the extent of^the coal, but this is probably a portion of 
the same bed as that found in tlie Nambar. Even if it were continuous between 
these streams, the greater portion of it woifld be below the water level of the 
valley, and seeing that far larger deposits are easily available in Upper Assam, 
I do not consider this coal to be of practical importance at present. In the event, 
however, of the Assam Railway being brought down the Dhansiri valley, this 
coal may turn out to be of some use, if the quality should improve to the deep; 
the sample taken at the outcrop gives the following very poor result on assay :— 


Moisture 608 

Volatile mutter ... ....... 31‘06 

Fixed carbon.IS'lO 

Ash. 48 76 


. • 10000 

The occurrence of limestone in this locality is a fact of far greater importance, 
there being so great a scarcity of this rock in the*Naga Hills, the lime for which 
is at present obtained at a ^reat expense (about Rs. 10 per maund) from Sylhet. 
Mr. Medlicott in l&fl^b««^pressed his surpnso that no use had been made of the 

* Medlicott, M’einoirs, Geological SurveyIndia, Vol. IV, Pt. 3, p. 26. Mallet, Ihid., Vol. 
XII, Pt. 2, p. 17, note. 
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limestone on tho Nambar, but from that day to this only one attempt, and that 
a feeble one, has been made to bum the stone. 

The Deigning limestone is found about 3 miles above the forest bungalow 
above mentioned, where a bed, of which from 3 to 6 feet is visible above water, is 
exposed on the left bonk of the stream, dipping north-east at ^ibout 50°. Mr. 
Mitchell, Assistant Engineer, is at yjresent engaged in cuttitig a path to the spot 
and opening pits at a .short distance from the river bank, in order to discover the 
extent of the f)ed. The density of the jungle renders it impossible to see how far 
the bed extends without this being done, but I think that enough stone can cer¬ 
tainly be raised without much difficulty to supply the wants of, at any rate, the 
Naga Hills. It will only be possible to obtain the stone during the cold weather, 
as the pits will bo under water during the rains. The limestone is similar to tliat 
seen below the falls on the Nambar, and it is possible that it may be found on the 
low ridge separating the Doigrung from the Nambar, in which case quarries, not 
liable to be flooded every year, might be opened in it. In fact, it is not impro¬ 
bable that sufficient limestone may be obtained here to supply the wants of a large 
part of Upper Assam. An assay of the Doigrung limestone gave the following 
result:— , 

Carbonate of lime.72*97 

„ „ magnesia.7*S3 

Oxide of iron, iilumimi and rangnesia ...... 9 00 

Insoluble. .......... 10*70 * 

‘ 100 00 


Jlomotaxis, as Illustrated from Indian Formations hy W. T. Blakfobd, F.R.S., 

Sec. G.S., F.lt.G.S.' 

In commencing an address to the Geological‘Section of the British Associa¬ 
tion on the first occasion on which that body by|f; met outside of the British ishuids, 
I feel much difficnlty. Among.stthe eminent geologists who have filled the post 
which you have done me the honour of calling npon me to occupy for the present 
year, there are several who would have been able, from their knowledge of both 
European and American geology, to treat with authoi'ity of the many points of 
interest elicited by comparison of geological phenomena on opposite sides of the 
Atlantic Ocean. My own experience has been chiefly derived from the distant 
continent of Asia, and I have not that intimate acquaintance with the geology of 
Europe, nor that knowledge of the progress 5f geological research in America, 
which would justify my entering upon any comparison of the two continents. It 
has, however, vjccuri’evl to me that amongst the questions of wide importance 
connected with the correlation of strata in distant parts of the world, there is one 
to which some interesting contributions have been made by the work of the 
Geological Survey of India, and by the geologists of Australia and South Africa; 
and that a short time might be profitably devoted to oonsideration of a few 

^ is a reprint of Mr. Blanford’s address as President of the Geological Section of Ibo 
British A&sociiiliou, ut Montreal, 1884. 
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remarkable exceptions to the rale that similarity of faunas and floras in fossi- 
liferous formations throughout the surface of the world implies identity of geo¬ 
logical age. 

It has probably occurred to other geologists here present, as it has to myself, 
to bo engaged, in examining a country the geology of which was absolutely un¬ 
known, and to fdel the satisfaction that attends the first discovery of a character, 
istic fossil form. A clue is at once afforded to the geology of the region; one 
horizon at least is believed to be determined, and from this horizon it is possible 
to work upwards and downwards until othera are found. 

It is, therefore, of special importance to those engaged in geological explora¬ 
tion to satisfy themselves whether the conclusion is correct that identity, or close 
specific similarity, amongst fossil forms, is a proof that the beds containing them 
are of the same geological age. It has been pointed out by some of the most 
careful thinkers, and especialfy by Forbes and Huxley, that a species requires 
time to spread from one area to another; that, in numerous cases, a migratory 
specific form must fiourish in the region to which it has migrated, after it has 
died out in its original birth-place ; and that the presence of the same species in 
two deposits at distant localities|may mthor tend to indicate that both were not 
formed simultaneously. Huxley, as is well known, invented the term ‘ homotaxis ’ 
to express the relations between such beds, and to avoid the possibly misleading 
expressions ‘geological synchronism,’ and ‘contemporaneous origin.’ 

iipespite such cautions, however, it still appears to be gencrelly assumed by 
palasontologistc that similarity between fatinas and floras is evidence of their 
belonging to thq same geological perigd; that the geological age of any formation, 
whether marine, fresh-water, or subaerial, can be determined by a comparison of 
its organic remains with those of other deposits, no matter how distant, of which 
the position in the geological sequence is ascertained : in short, that homotaxis of 
marine, fresh-water, and terrestrial forlns implies geological synchronism. 

That, us a general rule, homotaxis affords evidence that beds exhibiting it 
belong approximately to the sa||e geological period, appears supported by a 
large amount of evidence. But there are some startling exceptions. I propose 
to notice a few typical instances, several of them Indian, in which the system of 
determining the age of various formations by the fauna or flora has led to con¬ 
tradictory results, before attempting to show wherein the source of the error 
appears to lie. Nothing would be gained and much time would bo lost by enter¬ 
ing upon the details of all tho cases known, even if I were able to give authentic 
particulars, which is doubtful. It will be sufficient to cite some characteristic 
examples, concerning the details of which satisfactory evidence is forthcoming. 

Pikermi Beds .—There are but few fossiliferous deposits on the face of the earth 
that have attracted more attention than the Pikermi beds of Greece. In one of 
the most classical and famous sites of the wor]d, a few miles east of Athens, 
Just where 

* The nuKintainii Inok on Marathon, 

And Muraihoi/iooka ou the aeu, 

some red, silty beds occur, abounding in vertebrate remains. Some of the bones 
were described by Wagner and others, but for a complete account of the fauna we 
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are indebted to Professor Albert Oaiidry, who has himself collected by far the 
preater portion of the remains Iiitherto procured. The following is a list of the 
genera determined ; it is unnecessary to give the specific names :— 

» MAMMALIA. 

PnTMATKB.— Mexopithecu*, 1 sp. 

Carnivora. — Simoepon,!’, Fromephtig, 1; Icfifheriun, 3; Jlpitnai'cltts, X-, 

Bymna, I j JT/fmnicUg, 1 ; Felit 4; Machcerudus,!. 

PROBOSCIDKA.— Magfodoit, 1i; Dinnfiertum, i. 

UsoniATA.— Chnlicofherivm, 1 ; Jlhino^eras, 3; Aeerothfrium, 1 ; Leptodon, 1 ; Ilipparion, 
Ij ISvs, 1; Citmflopardalix, 1; Helladotherivm, ]; Oinsius, 1; Palaoiraiivs, 1; 
J'rofrttffeltiphix, I; Pulteorvx,2; 7'irtgoefrus, 2; I'alworeag, 1; Antidorcag (?),!; 
Oaz&lla,\; AntiIopp,3; J)iemofhenum,2; Cprous.l. 

Rodentia .—iltts (Aromi/x), 1; llyshix, 1. 

KdENXATA.— Ancjflolheriwn, 1. 

AVKS. 

Phagianus, 1; ©«//««, 1; Gen. galUnae. inde!., 1; Griig,l; Gen. cieonidar.indet ,\. 

KERTIlilA. 

Tegtudo, 1; Varavng, 1. ' 

Of mammalia alone there are known from this deposit .*1.3 genera, of which 22 
are extinct, and 47 species. • 

Now, this fauna is almost invariably in European works quoted as Miocene. 
Of the species found no less than 14 —Simocyon diophorus, Ictilherium robugtmn, 
/. hipparimwn, Hyivna eximia, Hy(enibtis grceca, Machccrodus cultridens. Mastodon 
tnricensis, BinoUa-.num giganteum, Hhinoceros schleierm.acheri, Hipparion gracile, 
Sus eryni'inthins, Helladotherimn duvernoyi, Traqocerus amalthei s, and Qaztlla 
bri'7ficornis —are met with in other European deposits assigned to the Miocene 
period. It is true that one of these deposits at least—that of Bppelsheim—has 
been shown on stratigraphical grounds to be much more probably Pliocene 
than Miocene, and the position of othef deposits has been determined by the kind 
of argument which, as I shall show, has proved misleading in the case of Pikenni 
itself. Nevertheless so general is the consensus of opinion amongst palroontologists, 
that tho beds with Hipparion at Pikermi and elsewhere are quoted as especially 
included in the Miocene system by the French Committee of the International 
Geological Congre.ss. Amongst English writers the Miocene age of the Pikermi 
beds appears generally admitted, as by Mr. Wallace,* Professor Boyd Dawkins,** 
Mr. E. T. Newton,® and many others. Professor Gaudry himself is much more 
cautious; he classes the fauna as intermediate be^ywocn Pliocene and Miocene, and 
only relegates it to Upper Miocene because that is the position assigned by other 
palmontologists to beds, containing remains of Hipparion. However, in his 
subsequent works Professor Gaudry has classed the Pikermi fauna as Miocene. 

Now, the lowest of the beds wiih the vei’tebrato fauna at Pikermi were by 
Professor Gaudry himself found to be interstratified with a band of grey conglo- 

* GeogranMcal Bigtrihution of Animalsy\. p. 115. 

® Q../. Q. S. 18S0, p. 389. 
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merate contathing four characteristic marine Plioceue mollusca— Pectenhenedktuf, 
Lam.; Spondylus gmderopus, L. j Ostrea lamellosa, Brocchi; and 0. iindata, Lam. 
It should bo remembered that the Pliocene fauna of the Mediterranean area is 
the richest and most typical in Europe, and is as well known as any geological 
fauna in the wt)rld. It should also be remembered that the Pliocene beds are urell 
developed in Greece at other localities besides Pikermi. Professor Gaudry espe¬ 
cially points out that the vertebrate remains, supposed to be those of Miocene 
animals, are deposited in a stratum overlying a marine bed of undoubted Pliocene 
age, and he proposes the following hypo^lle^i%to account for tbo presence of Miocene 
fossils in a Pliocene stratum. The remains found at Pikermi are, he thinks, those 
of animals that inhabited the extensive plains which in Miocene times extended 
over a considerable proportion of the area now occupied by the Eastern Medi¬ 
terranean and which united Qreeco to Asia; the plains were broken up by the 
dislocations that took place at the close of the Miocene period, and the auimtils 
escaped to the mountains, where they died for want of space and of food. Their 
bones u'ere subsequently washed down by the streams from the hills and buried 
in the Pliocene deposits of Pikermi. 

Professor Gaudry evidently has no very profound faith in this hypothesis, and 
it is unnecessary to refute it at length. One fact is sufficient to show that it is 
untenable. However sudilbn may have been the cataclysm that is supposed to 
have* broken up the Miocene plains of Attica, a very long period, measured in 
yeariA must have elapsed before the Pliocene marine fauna could have established 
itself. Now, the bones of mammals exposed on the surface decay rapidly; the 
teeth break up, the bones become^brittle. It is doubtful if bones that had been 
exposed f6r only five or six years would bo washed down by a stream without 
being broken into fragments; tj^e*teeth especially would split to pieces. The con¬ 
dition of the Pikermi fossils proves, I think, that they must liave been buried very 
soon after the animals died, that they were not exposed on the surface for any 
length of time, and that they could not have been washed out of an earlier forma¬ 
tion, and it appears to mo incredible that the Pikermi mammals were not 
contemporary with the Pliocene mollusca that occur in the same beds. In short, I 
cannot but conclude that the Pikermi mammals wore Pliocene and not Miocene. 

This view is entirely in accordance with the opinions of Theodor Fuchs.* He 
has given a good account of the geology of various places in Greece, and amongst 
others of Pikermi. He found, again, the conglomerate with Pliocene marine 
mollusca interstratified with the basal portion of the mammaliforous beds, and lie 
concludes * that not only is it clear that these mammaliferous beds are of Pliocono 
age, but that a comparison of their geological position with that of the marine strata 
of the Pirrous proves that the Pikermi beds occupy a very high,position in the 
Pliocene, and are probably the highest portion of the system as developed in tlxe 
neighbourhood. , 

Fuchs also shows that i;he principal Pliocene mammaliferous beds are of later 
date than the typicirf^.J^ocene (Subapeimine) beds of Italy, and that some mam¬ 
malia found associated with the latter comprise forms ideiptical with those of the 

* Denkgekr. K. Acad. Wist. iP'ieH, 1877, xxxvii. 2 e Abth. p. L 

^ A. e., p. 30. 
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Pikermi beds. In subsequent papers on the age of the beds Qontaining Hipparion 
the same writer shows reasons for classing these strata in Italy, Prance (Vaucluse), 
and Germany as intermediate between Miocene and Pliocene. This leaves the 
difficulty unsolved, for he had shown the Pikermi beds to be high in the Pliocene 
syjstem, They rest unconformably upon certain fresh-water limestones, clays, &o., 
containing plants and mollusca, and classed by Gaudry as Miocene, but by Puchs 
as Pliocene. Thus by both writere the mammaliferous beds of Pikermi are referred 
to a considerably later geological horizon than those containing identical species 
in other parts of Europe. ,, , 

It would require too much time to enter into the still more difficult question of 
the various plant-bearing beds in different parts of Europe and in Greenland con¬ 
taining a flora classed by Heer and others as Miocene. Gardner has given reasons 
lor considering the Greenland bods Eocene ; Fuchs, as just stated, is of opinion 
that the Greek beds are Pliocene. One point should be noted, that the more 
northern flora is considered older than the more southern, and it will be remarked 
that the same observation applies to the supposed Upper Miocene fauna of Prance 
and Germany and the Pikermi fauna of Greece. 

Smalik. —The next instance which I shall describe is another of the most im¬ 
portant fossil mammalian faunas of the Old World, that found in the Upper 
Tertiary beds that fringe the Himalayas on the souttfe* The name applied to this 
fauna is taken from one of the localities in which it was first found, the Si^alik 
(correctly, I believe, Shib-wala) hills, between the Deyiu Dun and the plains porth 
by east of Delhi. Bones of Siwalik mammalia are found, however, throughout a 
considerable area of the Northern Punjab. . . 

The Siwalik fauna has been worked out, chiefly by Falconer ajid Lydekker, the 
last-named being still engaged in describing the' species. The following is a list 
of the genera found in the true Siwalik beds*:— 

MAMMALIA. 

'^mik’na^PalaofiithecKB, 1 ap.; Macacut, 2; Semnopithectu, 1; Cynoeephulug, 2. 

Cah/iivobA.— Mutteht.li MeUiaora, 2 •, Mellivorodon, \ Lutrai’, Hy<Baodt>n, \ \ Ursut, 

1; Myanaretut, 3; Canit, 2; Viverra, 2; Hytena, 4; Hyanietit, 1; Lepthyana, 1; 
Mlvroptig, 1; JElurogale, 1; Felis, 6; Macharodus, 2. 

Probobcidba— Elephoi, 6 (Evelephiu, 1; Loxodon, 1; Stegodon, 4); Mastodon, 6. 

VvQCLk'SL.— ChaUeotherium.li Uhinoeerot, 2 ; Equus,l; Hipparion, 2-, Uippopotamus, 

1; Tetraconodon, 1; Sn^, 5; Hippohyua, 1 j Sanithenum, 1; Merycopotamua, 1; 
Certmt, 8; Doreaiherium, 2; Tragulua, 1; Moachua, 1; Propalaomeryx, 1; Camelopar- 
dalia, 1 ; Helladotherium, 1 ; Hydaapitheri^m, 2 ; Sivatharium, 1 ; Alcelaphua, 1 i 
Oaxella, 1; Antilopa, 2; Oreaa, (?), I; Pnlaoryx, (?l, I; Portax I; Hemiboa, 3; Lepto- 
boa, 1; Bubalua, 2 ; Biaon, 1; Boa, 3; ttuonpra, 1 j Capra, 2 ; Ovia, 1; Camelua, 1. 

Bodb.vtza.— jlifa (/VeaJAia), 1 ; Rhyaomya, 1; Hyatrix, 1; Lepua, 1. 

^ AVES. 

Oraculua, 1; Pelecanua, 2 ; Leptoptila, 1 j Oen. non del. ciaonid., 1 ; Mergua, 1; Struthio, 

1; Dromatna, 1; Oen. non dot. alruth., 1. %. ' 

* Lydekker, J. A. S. *B. 1880, pt. 2, p. 34 ; Palmontologia Indica, aer. x. vola. i, ii, iii ; 
Jteoorda, Geological Survey of lnd\a, 1883, p. 81. am indebted to Mr. I.ydekker for aome UQ- 
publiahed additiona, and for aid in compiling both tbe Siwalik and Pikermi liata. 



PAST 1.] 


Blanford: Hoxnotaxis. 


S7 


REPTILIA. 


CnoooDlLlA.’—Croeodilus, 1; OAarialis,3. 

■Laobbtilia—F« ras»«*, 1. 

Chblovia— CologtoeMtft, 1; Tagtndo, 1; BelUa , 2} BamoxaOt 1; Emyt, 1; CatUle^a, 1; 

BangthurOt i; Bmyda, 1; Triontfx, 1. 

PISCES. 

Bagariua, 1. 

How, until within the last few years, this fauna was classed as Miocene by 
European palaeontologists as unhesitatingly %s the Pikermi fauna still is, and in 
the majority of European geological works, despite the unanimous opinion of all 
the geologists who are acquainted with the sub-Himalayan beds, the Siwalik 
fauna is still called Miocene. The geologists of the Indian Survey, however, 
classed the fossiliforous Siw^iks as Pliocene, on both geological and biological 
grounds. With regard to the latter, not only does the fauna comprise a large 
number of existing genera of mammals, such as Macacusy Semnopiihectis, XJrsusy 
Elephas (Euelephas), Equua, Hippopotamus, Camelopardalis, Bos, Hystrix, Mus, 
and especially Mellivora, Meles, Capra, Ovis, Camclus, and Bhtzomys, but three 
out of SIX or seven clearly determined species of reptiles, viz.— Crocodihu pains- 
fris, Okarialis gangef teas, and Pangshura tectum—are living forms now inhabit* 
ing Northern India, whilsbfill the known land and fresh-water mollusca, with 
one possible exception, are recent species. 

%eae data, however, although veiy important and very cogent, belong to a 
class of facts that have led, I believe, in other cases to erroneous conclusions. 
The geological evidence is far inore satisfactory, and it is not liable to the same 
objection. ‘ 

The whole Siwalik fauna, given above, has been obtained from the upper 
beds of a great sequence or system. Beneath the fossiliferous strata at the base 
of the North-West Himalaya there is an immense thickness, amounting in places 
to many thousands of feet, of sandstones, clays, and other beds, from none of which 
recognisable fossils have been procured. The first beds of known age that are 
met with below the mammal if erous Siwaliks ore marine rocks belonging to the 
Eocene system. 

But as we pass from the Himalayas to the south-west, along the western 
frontier of India in the Punjab, and onwards to the south in Sind, the same 
Siwalik system can bo traced almost without interruption, and in the last-named 
country the lower unfossiliferous strata become intercalated with fossiliferous 
beds. In Sind the upper Siwaliks no longer yield any vertebrate remains that 
can be identified, but far below the horizon of the Siwalik fauna a few bones 
have been found, and the following mammals have been identifiej^ ^» 


CAXHTVOnk—Amphicyon paheituiicua, 

Pbobosoidra — Mattodon latident, M. perimensis, if. faleoneri, M. pandtonis, M. angus* 
tidena, Biaolherium ttuiifum, D aindUnae, JD. vaniapotamita. 

Unoulata— var. tniarmediaa, Aearothertum perimenae, A. hlanfordi, 
Sua igaudrioma, Jigotharium aindtenae, AnthraoQtkeriunt ailiatreiue, A. igopotamoidea, 

lHd„ aer. x; Bee., tfeol. Su/v. had., 1883, pp. 82, &o. 
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H^opotamut palmindicuSf H. gigantmt, Memimergse blanfor^i, Sitimergx nndietuit 
Agrioaha$rus »p. Dorenthfrium uiajM, D, miuua. 

Eukntata .—Manu (/) tindieiigis. 

Although about one-third of the species above named have been found also 
in the uppf*r Siwalik beds of the Punjab, it is unnecessary to point out in detail 
why the lower Siwalik fauna is clearly by far the older of the two. The absence 
of such living genera as Elephns, Bus, Uquus, &c., and the presence of so many 
typically Middle Tertiary forms, such as Binofherium, Anthracotherium, and 
Hyopotamus, shows a great changq. Tjie mollusca tell the same tale. All the 
forms known from the upper Siwaliks, with one exception, are recent species of 
land and fresh-water shells now living in the area. Of seven fresh.water 
mollusca' found associated with the lower Siwaliks, none appears to be identical 
with any living species, and only two are allied^ one closely, the other moi^ 
remotely, to forms now met with in Burma 30* of longitude farther east. 

Before proceeding with tho argument it is as well to call attention to the very 
important fact just mentioned. It has been asserted over and over again that 
species of mammalia are peculiarly short-lived, far more so than those of mollusca. 
In this case, so far as tho evidence extends at'prcsent, one-third of the species 
of mammalia survived the changes that took place, whereas not a single mollnsk 
is found both in the upper and lower Siwaliks. It*'should bo remembered that 
tho recent molluscan river fauna of this part of India is very poor in species, and 
that wo probably know a considerable proportion of that existing in Siwalik 
times. 

The geological age of the lower Siwalik beds of Sind is shown by their pass¬ 
ing downwards into marine fossiliferous beds, known as the Gaj group, of Miocene 
age, tho following being the section of Tertiary stjata exposed in the hills west of 
the Indus 


Ft. 


SlWAt.TK or 
Maschab 

Upper 

6,00Q nnfossiliferons 

Pliocene 

Lower 

3,(J0U to 6,0C0 tbssilifcrous 

Up|)er Miocene or 
Lower Pliocene 

Oaj , 


1,000 to 1,500 fbseilifprous 

Miocene 

Kabi 

f Upper 

4,000 to 6,0()0 iirifr>8>.iliferou8 

Lower Miocene 

( Lower 

IdO to 1,500 tbtiAilil'er»us 

600 to 3,000 fossiliferous 
6,0UC fossiliferous 

Oligocene 

Ehibtbab 

( Upper 
^ Lower 

1 Eocene 


Clearly tho lower Siwaliks of Sind cannot bo older than Upper Miocene; 
therefore the Upper Siwaliks, which are shown by both biological and geological 
evidence to be of much later date, must be Pliqcene. 

Qondwana system of India.—In the peninsula of India there is remarkable 
deficiency of marjne formations. Except in tho neighbourhood of the coast or of 
the Indus valley there is, with one exception (some cretaceous rocks in the Ner- 
budda valley), not a single marine deposit known south of the great Gangotic 
plain. But in Bengal and Central India, over extensive tracts of country, a 
great sequence of fresh-water beds, probably of fluviatile is found, to which 

the name of Gondwana system has been applied. The uppermost beds of this 

V 

* Mem , Oeol. Sure. Ind.^ rol. xx, pt. 2, p. 129. 
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system, in Cujph to the westward, and near the month of the Goddvari to the 
eastward, are inters^tified with marine beds containing fossils of the highest 
Jurassic (Portlandian and Tithonian) types. 

The Gondwdna system is a true system in the sense that all the series com¬ 
prised are closejy connected with each other by both biological and physical 
characters, but it*represonts in all probability a much longer period of geological 
time than do any of the typical European sysl^^m8. The highest members, as 
already stated, are interstratified with marine beds containing uppelmost Jurassic 
fossils. The age of the lowest •members is less definitely determined, and has 
been by difEerent writers classed in various series from middle Carboniferous to 
Middle Jurassic. The Gondwana beds from top to bottom are of unusual interest 
on account of the extraordinary conflict of paleeontological evidence that they 
present. 

The subdivisions of the Gondwfinn system are numerous, and in the upper 
portions especially the series nnd stages are different in almost every tract where 
the rocks arc found. The following are the subdivisions of most importance on 
account of their fauna and flora, or of their geological relations. 


Upper GondwAun 


•• 


LoVer Qondwdna . 
«> 


Ciitch and .Tabnlpnr. 
Kota Mflicri. 
llfljinabnl. 


Panebet. 

Daninda . 

C Knrhnrbari. 
i. 'bAlcliir. 


RAnigAnj and Kdintbi. 
Burdkar. 


The upper Gondwdnaa, where best developed, attain a thickness of 11,000 feet 
nnd the lowfer of 13,000 feet. 

The Talchir nnd Barakar si^Jitlivisions are far more generally present than 
any of the otliera. 

Talchir ,—The Talchir beds cpnsist o (fine silty shales nnd fine soft sandstone. 
Very few fossils have been found in them, and these few recur almost without 
exception in the Karharbari stago. The Talchirs are principally remarkable for 
the frequent occurrence of large boulders, chiefly of metamorphic rocks. These 
boulders are sometimes of great size, 6 feet or more across, 3 to 4 feet being a 
common diameter; all are rounded, and they are generally embedded in fine silt. 

Karharbari .—Tho Karharbari beds are found in but few localities. They 
contain some coal-seams, and the following plants have been met with' 


CoxiFEBf. — Eurjtphylhm, 1 sp.; VoHzia, 1 ; Albertia, 1; Samaropns, 1. 

Cyo&ueacbj:.— Olossozamites, 1; Noeggeralhiopzit, 1. 

Filicbs. — NeuroptBrh, 1; Olossopieris, 4j Qangamopteria, 4j Sagenopierit, 1. 

EQDlBBTAOBiE.— Sohizoneura, 2; Vertehraria, 1. 

• 

The most abundont form is a Ganganiopterts. The VoHzia (V. heteropht/lla) 
is a characteristic Lower Triassic (Bunter) fornt in Europe. The Nmroptetis 
and Albertia are also nearlyi related to the Lower Triassic forms. The species of 
Oangamopteris, Vertehraria^ and Noeggerathiopais are allied to forms 

found in Australian strata. • 


’ Feistmantcl: Fulaou&logia Indioa, ser. xii. vol. iii. 
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Bamuda. —^The Darnnda series consists of sandstones and shales with coal¬ 
beds ; the floras of the different subdivisions present but few differences, and the 
following is the list of plants found ^ 

CosiwnM.—‘Rhifndop*i», 1 ap., Volixia, 1; Samaroptix, 1; Cgclopifya, U 

CtoadEAOBX.— Pterophyllum, 2; AnomotamUea, 1; Noeggeratkiopaia, S 

Puacta. —Sphmopleria, 1; Dickaonia, 1; Alethopteria, 4; Peeopteria, 1; Merianoptaria, 1; 
Jiacrotaniopieria, 2; Palaooittaria, 1} Angtopteridiwm, 2; Qloaaopteria, 12; Oanga* 
mopleria, 7; Belemnopteria, 1; Anthrophgopaia, 1; Dictgopteridium,\l ; Sagenopteria, 4; 
Actinoptena, 1. 

Equibbtages!.— Sekiaoneura, 1; Pkgltotkeea, S; Tritggia, 1; Verteharia, 1. 

The onlj remains of animals hitherto recorded are an Estheria and two 
Labyrinthodonts, Branchyops laticeps and an undescribed form formerly referred 
to Archegosawma, The only European genus allied to Branchyops is of oolitic 
age. 

The most abundant of the above-named fossils are Olossopteria and Vertehra- 
ria. With the exception of Noeggerathiopsis all the cycads and conifers are of 
excessive rarity. More than one-half of the species known are ferns with simple 
undivided fronds and anastomosing venation. 

For many years European paleeontologists generally classed this flora as 
Jurassic.^ This was the view accepted by De Zigno^'tod Schimper, and, though 
with more hesitation, by Bunbury. The species of Phylhtheca, Alethopterls (or 
Pecopteru), and Qlossopteris (allied to Sagcnopteris) were considered to exhibit 
marked Jurassic affinities. It waS generally admitted that the Damuda flora 
resembles that of the Australian coal-measures, (to which I shall refer presently) 
more than it does that from any known European formation; but the Australian 
plants were also classed as Jurassic. There is no reason for supposing that the 
more recent discoveries of Damuda plants would have modified this view; the 
identification of such forms as true Sagenopteria and the cycads Pterophyllum 
and Anomozamites would assuredly have been held to confirm the Jurassic age of 
the beds. So far as European fossil plants are concerned, the Damuda flora re¬ 
sembles that of the middle or lower Jurassics more than any other. 

One form, it is true, the Schizoneura, is closely allied to 8. paradoxa from the 
Bunter or lower Trias of Europe. Other plants have Bhestic affinities. But the 
connections with the Triassic flora do not seem nearly equal to those shown with 
Jurassic plants, and the reason that the Damuda flora has been classed as proba¬ 
bly Triassic must be sought in the impossibility of considering it newer,* if the 
next overlying stage is classed as Upper Tris^ or Bhrotic, and in the close affinity 
with the underlying Karharbiri beds, which contain several Lower Triassic 
types. 

Panchet. —^The uppermost series of the lower Oondwdnas consists chiefly of 
sandstone, and fossils are rare. - The most interesting are remains of Beptilia and 

4 

* Pal. lad., aer. ii. xi. xii. vol. iii, , ''W-'* 

* De Ziijno: Flora Foaailia Form. OoK pp. 50, 63; Schimper; Traitide. PaUoiUologie Figdtale 

i. p. 645; Buiiburj; Q. J. S. 1861, xvii. p. 350. 

' * FeUtmsotel; Pal. Ind., aer. xii. vol. Ui pp. 5V, 129, &c. 
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Amphibia, following is a list of the fossil animals and plants correoied to 

the present time 

ANIMALS. 

RKPTILIA. 

TivSQ9h.mi.lk.—Atin»trodnn, 1 «p. 

DiOTironoNTPA.— J>iey%oda% {Ptyehognalhut), 2. 


AMPHIBEA. 

liABTBIirTHODOSTIA.-^G'ottto^/yptef, 2; Glyptognathw, 1; Paehggonia, 1.* 


Eatheria, 1. 


CRUSTACi?A. 

PLANTS. 


CoNIFKBX.— Samaroptis, 1. 

FitiOBS.— Pecopteris, 1; Ctfclopteria,li Thinnfeldia, 1; Oleandridmm, 1; Olotiopterit, 3. 
EqitisbtaOiue.—<S' cAt2o»«tira, 1. 


The Schizoneura and the three species of Glossopteris are considered the same 
as Damuda forms. But with them are found two European Rhsetic species, 
Pecopteris concinna and Gyclupteris pacliyrachis. The Oleatidridium. is also closely 
allied to a European Rhaetic fojpn, and may bo identical. The flora may thus be 
classed as typically Rhsstic. 

All the genera of Liibyj^thodonta named are peculiar; their nearest European 
allie^ are chiefly Triassic. Bicynodontm are only known with certainty from 
Indig. and South Africa, but some forms believed to be nearly allied have been 
described from the Ural mountains.*,^ These fossils were obtained from rocks 
now referred to the Permian.* ^ 

Upper Qondwqnas.—The different series of the lower Gondwanas are found in 
the same area resting one upoil the other, so that the sequence is determined 
geologically. This is not the case with the upper Gondwana groups; their most 
fossiliferous representatives are found ill different parts of the country, and the 
relations to each other are mainly inferred ^pom palmobotanical data. Although, 
therefore, it is probable that the Rajmahals are older than the Ciitch and Jabal¬ 
pur beds, and that the Kota-Maleri strata are of intermediate age, it is quite 
possible that two or more of these series may have been contemporaneously 
formed in regions with a different flora. 

Bdjmahdl, —The comparatively rich flora of the lowest upper Gondwana series 
is contained in beds interstratified with basaltic lava-flows of the fissure-eruption 
type. The following are’the genera * of plants found:— 

CoirrFBB.ni.— Palisaya,2 sp.; Cenninghamites,!; ChiroUpis, 2; Armcarites, 1; Eohino- 
atrobus, 1. 

Ctcaubacbje.— Pieropkgllum, 9; Plilophglhtm, 1; Otosamites, 3; Zamita, 1; Dietgota- 
mitea, 1 ; Cgeadiiea, 2 ; IFilliamaonia, 2; Cgoadinocarpua, 1 . * 

FixiobB.— Eremopteria, 2; Davallioidea, 1; Eiekaonia, 1; Rymmophgllitea, 1 ; Cgloplaru, 

1; Thimfeldia, 1 j Oleichenia, 1; Alelhopteraa, 1; AapUnitea, 1; Ptcopteria, 1; 
3£aorotaniopt«rii, 4 i ^ngiopteridium, 3; Danmopaia, 1; Rhizomopteria, 1. 

EQCIBBTAOB.B.—,. 

' Hnxley j Q. J. O. S„ xxvi., p. 48. , 

* Twelvetrees ; Q. J. O./l., xxxviii. p. 800. 

,, * Pal. Ind. ser ii.} Fcutiosiitel; Records, G, S. L, ix , p. 39. 
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The marked change from the lower Qondwlna floras is risible a glance; not 
a single species is common to both, most of the 'genera are distinct, and the 
difference is even greater when the commonest plants are compared. In the lower 
Gondwfinas the prevalent forms are Equisetaceoe and ferns of the Qlossopteria type, 
whilst in the Bfijmah&l flora cycads are by far more abundant, than any other 
plants. The whole assemblage, moreover, is more nearly allied than are any of 
those in the lower Gondwfina beds to hluropean Mesozoic floras. 

Of the B&jmahfil plants ^ about fifteen are allied to Bhastic European forms, 
three to Liassic or lower Jurassic (two of these having also Bhsetic affinities), and 
six to Middle Jurassic (two having 'Bhsetic relations as well). The flora must 
therefore as a whole on purely palaeontological grounds be classed as Bhsetic. 

Kota-Malen. —The deposits belonging to this series are found in the God4vari 
valley at a considerable distance from the Bajmahal hills in Bengal, the locality 
for the Bajmahal flora. Both Bajmahdl and Kota-Maleri beds overlie rocks of 
the Damuda series. It is not quite clear whether the Kota beds, which contain 
fish, inserts, and crustaceans, and the Maleri beds, in which remains of fish, 
reptiles, and plants are found, are interatratified, or whether the Kota beds overlie 
those of Maleri. That the two are closely connected is generally admitted. 

From the Maleri beds the following remains have been recorded .— 

ANIMALS. ''n 

Bsttilta.— Hgperodapedon, 1 ; Parasuehut, 1. o 

PisexB.— Ceratodut, 8. _ 

PLANTS. 

CovltmM.—Palt8ipa, 2 ; Chirolepit, 1 ; Arauearitea,'!. 

‘ Ctoadzacrjc.— PHlophjillum, 1 ; Cpeaditea, 

Filicxb.— Anpiopteridium, 1. ” 

From the Kota fresh-water limestone 9 species of ganoid fish— viz. 5 of 
Lepidotus, 3 bf Tetragonolepis, and 1 of Doped ine —^have been described. An 
Eatheria, a Candona, and some insects have also been found. The fish ^ are Liassic 
forms. 

The reptilia of the Maleri beds are, on the other hand, Triassic ^ and closely 
allied to Keuper forms. Oera^od«« is chiefly Triassic (Keuper and Bhistic). The 
plants show relations with both the Bajmahal and Jabalpur floras, and, as the 
paleontological relations to beds in the same country are con.sidered far higher in 
importance than those to deposits in distance regions, the Kota-Maleri beds are 
classed as intermediate between the Bajmahal and Jabalpur epochs. 

Cutch and Jabalpur .—Jabalpur beds are found in Central India to the south 
of the Nerbudda valley, and form the highest true Gondw4na beds. The Cutch 
beds, as already mentioned, are found interstratified with marine deposits of 
uppermost Jurassic age far to the westward, a litBo east of the mouths of the 
river Indus. The similarity of the plant-remains in the two series has caused 
them to be classed together, bnii it is not certain that they are really of contem¬ 
poraneous origin. 

* Feistmantel, Pal. Ind., set. ii., pp. 143—187; Mna. Oeol. i.45. 

* Pal. I»d.faet. iv., ptr2. 

* Q. J. Q. S. 1869, ppk 138,162, Ac.; 1876, p. 4S7: Pal. Ind., set. iv., pt. 3; Man. Oeol. Jntk 
p. 161. 
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The foUonuig ig^ list of the Jabalpur plants^:—; 

CoTSmHM.—PaUi»fa, 2 ; Ara«earite$, 1 ; Eekiitottrobmt, 2 ; Brtuhi^phjflUm, 1 ; Tujtitet, 1 1 
Oingio, 1; Pkmnieopti*, 1; Ctekanomieia, 1. 

CrOAiKAOKfi.— PteroghyUtm,\} PtiiophgUum,2} PeduzamitaS} Otozamitzt, 4; William* 
tonia, 1} Cyoaditei, 1. 

Fiuobs.— SpifftopUri*, 1; Dieirtoaia, I; Alethopteru, 3 1 Xacrotmaioplerii, 1{ Ohm' 
pterit, 1 ; Sagenophnt, 1 . 

Of these thirty species nine are regarded either as identical wi^h forms found 
in the Middle Jurassic (Lower Politic) of England or as closely allied. 

The Cutch plants belong to the folk wing> genera*:— 

CSotrirsas.— Paliuya, 8 ap.; PaohyphyUam, 1; Schiitosffobus, 1; Arauearilet, 1. 

CrOADBACBJi.— PtUopkyllum, 3; Otozamitez, 3; Cycaditet, 1 ; WiiUamtonia, 1 ; CyeadoU* 
ph, 1. 

Fiuo£8.o02ea«idrtit8»i, 1; Ta^iopterut 1; Ahlhophrit, 1; P»eopt«riz,\i Packypteris 
2; Aetiwpteru, 1, * 

Of the twenty-two species enumerated, four are identified with specific forms 
found in the Middle Jurassic of Yorkshire, and seven others are closely allied. 
The Cutch and Jabalpur beds, in short, are intimately related with European fossil 
floras. 

One interesting fact should be mentioned. The Cutch flora occurs in the upper 
part of the Umia beds, thesftwer beds of which contain a^halopoda of Portlandian 
and Tithonian forms. In a lower subdivision of the Cutch Jurassic rocks, the 
Katral group, shown by numerous Ammonites to be allied to Kimmeridge and 
upper Oxford beds of Western Europe, four’Species of plants have been found, of 
which three are met with in the ymiai bods, and the fourth, an English oolitic 
form, in the Jabalpur series. This evidence seems in favour of the view that the 
flora underwent change more slQwly than the marine fauna. 

It will be as well, before leaving the subject of the Grondwdna groups, to show 
in a tabular form the geological age assigned to the flora and fauna of each 
separately, on the evidence afforded by comparison with the plants and animals 
known from European formntions. 




FIiANTS. 

ANIICAIiS. 


/Cntoh .... 

Jabalpur . ' . 

Middle Juraaaic . , 

Middle Juraasic . 

Uppermost Jurassic 

? Neocomian (marine). 

Upper , 
QoDdwAna ' 

Kota .... 

— 

f 

Lower Jurassic (Liassic), 


[ Maleri .... 
^BAjmabdl .... 

Middle or Lower 
Jurassic . 

Rhaitic 

Triassic. 


1 Fanchct .... 

Rhsstic a . . 

Triassic or Permian. 

QondwAna \ 

Damud(^ • # * * 

Middle Jurassic , 

k 

Middle Jurassic f 

1 

[ Karharbiri, Talchir . 

Lower Triassic . ^ 

— 


' • Pal. Jnd., wr. xi., pt. 2. * Pal, lad., t^r. xi, pfc 1. 
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Flora of Tonqum. —Quite recently M. Zeiller has described a dferies of pltmts 
from some coal>bearing beds in Tonquin.' This flora is very extraordinary in 
every respect. It consists of 22 species, and contains only two peculiar forms 
ten, or nearly one-half, are European species found in the lower Lias or Rheetic ; 
whilst of the remaining ten, five are Damnda, forms —Noeggerdthiopais hialopi, 
Macrotmniopteris feddcni, Pahrovittaria Icurzi, Olossopterie hrowniana, and Phyl- 
lotheca indicn^ pne species being common to the jN'ewcastle beds and Carboniferous 
flora of Australia and two others closely allied to the forms there occurring. 
The other five are said to be Rujroahdl forms, four Tasniopteris or Angiopteridium 
and an Otozamites. M. Zeiller unhesitatingly classes the Tonquin beds as 
Rheetic. It is most singular that these coal-beds, althougii more distant from 
Europe by 18° of longitude than either the Damnda or Rajmahal beds of India, 
contain a larger proportion of European fossil species than any known Indian 
plant-beds; whilst the association in the same strata of upper and lower Gond- 
wana forms, if well ascertained, shows how hopeless is the attempt to classify 
these deposits by plant evidence alone. 

Australian Coal-Measures and Associated Beds. —In the notice of the lower 
Gondwana floras of India it was observed that there was a great resemblance 
between some of them and those found in certain beds of Australia. These latter 
present even a more remarkable instance of homotazfal perversity than do the 
Indian rocks. The Australian plant-bearing beds are found in Eastern and 
Southern Australia, Queensland, and Tasmania. For a knowledge of the geology 
of the country we are chiefly indebted to the writings of the late Mr. Clarke,® 
whilst the flora has been worked out by McCoy, Dana, Carruthers, and .Feist- 
mantel, the last having recently published a much more complete account than 
w'as previously available.® » 

The following are the fresh-water or subaerial beds of Australia, according 
to the latest classification:— 

6. Clarence Hirer beds, New South Wales (Mesozoic carbonnceous of Queensland, Vic¬ 
toria, and Tasmania). 

6. Wiaiiamatta beds, N. S. Wales. 

4. Hawkesbury beds, N. S. Wales (Bacchus Marsh saudstones, Victoria). 

3. Newcastle beds, N. S. Wales. 

2. Lower Coal-Measures with marine layers iiiterstratified, N. S. Wales. 

1. Lower Carboniferons beds, N. S. Wales. 

To a still lower horizon probably belong some beds in Queensland, containing 
Lepidodendron nothum and Cyclostigma, They are considered Devonian by Car- 
ruthers, and there are some ancient plant>1}eds in Victoria that may be of the 
same period. 

1. Lower Cdrboniferous Beds. —These underlie the beds with a Carboniferous 
marine fauna. The localities given arc Smith’s Creek, near Stroud, Port Ste¬ 
phens, and Arowa. The following plants are enumerated:— 

LTOOronUOS.B.—C^clos^t^ma, 1 sp.; Lepidodendron, 2 or 3; Enorria, 1. 

4 ^ ^ 

I 

* Bull. Soo. Oiol., scr.Jii., vol. xi., p. 456. 

® Q. J. O. 8. 1861, p. 354, and Beviarks on the Sedimentary Formations New South 
Walee, 1878, besides numerous other works. 

* Falaontographica. — Fal. ». mes. Flora im Ustl. Ausfralisn, 1878-79. ' 
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Fit.iob8>— It}meopteri»,Ai Arehaopterit, 2 (f); Oloaaopieru, 1, 

EqoiSKTAOBA.— Ca^imt( 0 «, 2; Sphenophylltm, 1. 

This flora contains several species identical with those in the Lower Carbo> 
niferous (Bemician) of Europe, corresponding to the mountain limestone. The 
agreement bothnn homotazis and position is the more remarkable bec|,a8e of the 
startling contrast in the next stage. The only peculiarity is the presence of a 
Glossopteris. This comes from a different locality—Arowo—from most of the 
fossils, and the species is identical with one found in a much higheV series. Under 
these circumstances it is impossible to feel ^satisfied that the specimen was really 
from this horizon. The evidence is not so dear as is desirable. 

2. Lower Coal-Measures with Marine Beds. —The following plants are re¬ 
corded ;— 

CTOASJiA.CR£.— Noetjgeralhiopsif, 1 Sp. 

Fi WCRS. — O lostopterif, 4. 

EQUiSBrAOEA—4n»K^ari(Z, Ij Fhyllotheca, 1. 

In the marine beds, which are interstratified, are found lower Carboniferous 
(mountain limestone) marine fossils in abundance, such as OrtJioceras, Spiriferf 
Fenestella, Conularia, <fcc. The plants belong to forms declared to be typically 
Jurassic by palroontologists. As the intersti-atification of the marine and plant¬ 
bearing beds has been reptfltedly questioned by palffiontologists, it is necossaiy to 
point out that the geological evidence brought forward by Mr. Clarke is of the 
clearest and most convincing character, that this evidence has been confirmed by 
all the geologists who are acquainted v^ith the country, and has only been doubted 
by those who have never been nepr the place. 

3. Newcastlv Beds. —By ail jirevious observers in the field these had been 
united to the preceding and th« flora declared to be the same. Dr. Feistmantel 
has, however, pointed out important differences. Unfortunately, as he has been 
unable to examine the beds, it. still remains uncertain whether the distinction, 
which has been overlooked by all the field geologists, is quite so great as it 
appears from the lists of fossils given. The following is the flora 

CasivsvtM ,— Brarhyphffllum, 1 sp. 

CxOADBACBJi.— Zeugophylliies, 1 ; NoeggerathiopHs, 3. 

PrTirCES.— Sphe»opterix, 4 j Olosaopterit, 8; QangamopierU, 2 ; Cautopterta (?), 1, 

Equisbtaoba.— FJiyllotheea, 1 j Vertehraria, 1. 

The only animal kno.wu from the beds is a heterocercal ganoid fish, Urosthenes 
australis, a form with Upper Palaeozoic affinities. 

It will be noticed that the difference from the flora of the underlying beds 
associated with marine strata is chiefly specific, and by no means indicative of 
great difference of age, though the only species considered as cqjpamon to the two 
by Dr. Feistmantel is Olossopteris hrowniana, found also in the Damuda series of 
India, in Tonquin, and in South Africa. . 

The plant fossils of«^the Newcastle beds and of the underlying series with 
marine fossils are liJiosJ which exhibit so remarkable a similarity to the flora of 
the Indian lower Qondwdnas, and especially to the Damudas. The same genera 
of plants, especially Olossopteris, PhylloAeca, Vertehraria prevail 

in both, 'But the lower beds of Australia, to judge by the marine fauna, are of 
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Lower Carboniferous age, and it is impossible to suppose tbq/; the Newcastle beds 
are of veiy much later date. They are said to be conformable to the lower beds 
with msuine fossils, and even to pass into them, and they should probably, if the 
lower beds are Lower Carboniferous, be olassed as Middle or Upper Carboniferous. 
Thus if th^ evidence of marine faunas be accepted as decisive, the Damuda beds 
of India are homotaxially related to Jurassio strata in Europe "^and to Carboni¬ 
ferous in Australia. 

But the Australian Newcastle flora has been quite as positively classed as 
Jurassic by European pal8Dobotanist| as tjiat of the Damudas. It would be easy 
to quote a long list of authorities—McCoy, DeZigno, Saporta, Schimper, Carru- 
thers, and others—^in support of the Jurassic age of the Australian beds. For 
years the testimony of Australian geologists was rejected, and doubts thrown 
upon their observations. There is, so far as I know, no case in the whole history 
of paleeontology in which the conflict of palsBontological evidence has been su 
remarkably displayed. 

4. Hawkeshury Beds. —The fauna and flora are poor. Only two fish, OUthrolcpis 
granulatm and Myriolepis clarkei, and one plant, Thinnfeldia odontopteroides, ore 
known, and of the three forms two recur in the Wianamatta beds. 

An important character of the Hawkeshury beds, to which further reference 
will be made presently, is the occurrence of trana^rted boulders,’ apparently 
brought thither by the action of ice. , 

Similar boulders have been observed in certain sandstones in Victoria known 
as the Bacchus Marsh beds. From these beds two species of Qangamopteris have 
been described by McCoy. Oangamopteris, it should be recollected, is a genus 
of ferns closely allied to Ghssopteris and abundant in the Dammja and still more 
so in the Karharbdri beds of the lower Oondw&nas in India. 

I 

5. Wianamatta Beds. —These are the highest portion of the wholq system in 
New South Wales. They contain the following organic remains:— 

ANIMALS. 

Pisces. — PalaonUeus antipodnu, Chthrolepia granulatws, 

PLANTS. 

Filices. — Thinnfeldia {PeeopterU) odontopteroidee, Odontopterie microphyUa, Peeopteria 
tenuifolia, Taniopterit tnanatnatta, 

EquiSBTACBA .—PhyUotheca hvokeri. 

The fish from the Wianamatta, Hawkeshury, and Newcastle beds, four in 
number, were considered as a whole by Sir P. Egerton to be most nearly allied to 
the Permian fauna of Europe. 

The Wianamatta plants, like those in the lower beds, are classed as Jurassic. 

6. Higher Mesozoic Beds. —^Those, which do not appear to have been traced into 
connection witli the Wianamatta and Hawkeshury beds,^ occur in widely separated 
localities, from Queensland to Tasmania. * The correlation bf these widely scattered 
deposits, and the assignment of them collectively to a position above that of the 

* Wilkinson, quoted by Feistmantcl, See. Oeel. Sere. Jnd.f 1880, p. 260.. 
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Wianamatta appear solelj founded upon the fossil flora, and it would be 
satisfactory to hare in addition some geological eyidence or some paleontologicid 
data derived from marine fossils. The Queensland flora is said to occur in beds 
overlying marine strata of Middle Jurassic age. 

The following plants are recorded from these higher beds;— , 

• 

Ctoadbacba. — Zamite$ (Podozamiteg), 3 sp.; Otozamifez, 1. « 

Sphenopteris, 1; Thint^feldta, 1; (^olopteru,!} Alethopteria,! ^ Tamopterig, 1} 
ScyenopterU. 1. 

Equibbtaoza.— PhyUotJuca, 1.' 

Tabulating, as in the case of the Indian Gondwdna system, the age of the 
different Australian sub-divisions as determined by their fossil plants and animals 
on purely palseontological grounds, we have the following result:— 



Plants. 

Animals. 

6. Higher Mesozoic beds . 

Jurassic* 

Jurassic (marine). 

6. Wianamatta beds. 

Jurassic . 

Permian. 

4. Hawkesbury beds • • « • 

Jurassic . . . 

Permian. 

3. He^castle beds . 

Jurassic . 

Permian. 

2. Lo'Wer Coal-Measures 

Jurassic 

Lower Carboniferous (marine). 

1. Lower Carboniferous beds . 

Lower Carboniferous 

• 

• 



South Africa .—In connection with the later Palseozoic and older Mesozoic 
rocks of Australia and India it is of importance to mention briefly the correspond¬ 
ing fresh-water or subaerial formations of Southern Africa, although in that 
coipntry there are not such marked discrepaficies in the palseontological evidence, 
perhaps because the I'clations of the beds with remains of animals to the plant¬ 
bearing strata are less clearly known. It will be sufiicient to notice some of the 
most prominent peculiarities of these formations here, as I hope that a fuller 
account will be given to the section by Professor Rupert Jones, who has made an 
especial study of South African geology. 

In the interior of Sou^h Africa, occupying an immense tract in the northern 
parts of Cape Colony, the Orange Free State, Transvaal, and the deserts to the 
westward of the last two, there is a great system of sandstones and shales with 
some coal-beds, generally known as the ‘ Karoo formation.’ The sequence of sub¬ 
divisions is the following*:— , 

Stormberg beds, about 1,800 feet thick. 

Beaufort „ „ 1,700 *, „ 

Kognap „ „ 1,500 „ „ 

The beds are but little ^sturbed in genCiiil, and form great plateaux. They rest 
partly on Paleeozoic rocks (Carboniferous or Devonian), partly on gneissic forma- 

„ > Q. J. G. k, zxiii, 1887, p. 142. 
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tions. As in Anstralia, the umlerlyingf Palteozoic rocks contain a» flora allied to 
the Carboniferous flora of Europe. 

At the base of the Karoo formation are certain shales with coal, known as the 
Ecca beds, and remarkable for containing a great boulder-bed, the Ecca or Dwyka 
conglomerate,^ like those in the Talchir beds in India and the H^wkesbury sand¬ 
stone in Australia, the boulders, precisely as in the Tfilchir beds, being emb^ded in 
flne compact silt or sandstone, which in both countries has been mistaken for a 
volcanic rock.' The Ecca beds are said to contain Olossopteris and some other 
plants, but the accounts are as yet somewhat imperfect. The whole Karoo system, 
according to the latest accounts, resCs unconformably on the Ecca beds, whilst the 
Ecca beds are conformable to the underlying Palmozoic strata. 

Unfortunately, although a considerable number of animals and a few plants 
have been described from the ‘ Karoo formation,’ it is but rarely that the precise 
sub-division from which the remains were brought has been clearly known. 

The known species of plants are veiy few in number; Glossopteris browniana, 
and two other species of Glossopteris,^ Ruhiilgea, a fern nearly akin to Gangamo- 
pteris and Glossopteris, and a Phjfllotheca-like stem are recorded, without any 
certain horizon, but probably from the Beaufort beds. There is no doubt as to 
the close similarity of these plants to those from the Damudas of India and the 
Hewcastle beds of Australia. ^ 

Prom the Stormberg beds there are reported Pecopleris or Thinnfeldia odonto- 
pteroides, Gyclopteris cuneata, and Tmniopieris daintreei? three of the * most 
characteristic fossils of the uppermost plant-beds in Austi-alia, and all fodnd in 
the Upper Jurassic Queensland beds. 

The animals found in the Karoo beds * are* more numerous* by far than the 
plants. The greater portion have been procured from the Beaiffort beds. They 
comprise numerous genera of dicynodont, theriddont, and dinosaurian reptiles, 
two or three genera of labyrinthodont amphibiaris, some fish allied to' Paheonisous 
and Amblyplerus, and one mammal, Tritylodon. Of the above the Tritylodon and 
some reptilian and fish remains are said to be from the Stormberg beds. 

Tritylodon is most nearly related to a Bhietic European mammal. The relations 
of the reptiles called Theriodoniia by Sir R. Owen are not clearly defined, but 
representatives of them and of the Dicynodontia as already noticed are said to be 
found in the Permian of Russia. The Glossopteris and its associates may of course 
be classed as Carboniferous or Jurassic, according to taste. Neither the fauna nor 
flora show sufficiently close relations to those of any European beds for any safe 
conclusions as to age, even if homotaxis and synchronism be considered identical. 
On the other hand there are remarkable poults of agreement with the faunas and 
floras of the Indian and Australian rocks. 

Away from Che typical Karoo area on the coast south of Natal there is found a 

series of beds, pairtly marine, sometimes called the Uitenhag^^ series. A few 

<• 

*, Sutherland, Q. J. O. 8., xxvi, p. 614. 

* One classed by Tate os Dtctyopte,ris, Q, J. O, S., xx^i, p. Ml. 

* Dnnn, ‘ Report on Stormberg Coal-Field,’ Oeol. Slag., 1S79, p. 652. 

* Owen, ' CaC. Foss. Bept. S. Africa, Brit. Mas., 1876, Ac. 

* Q. J. O. 8., xxvii., p. 144. ^ 
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oycada (Otozamitei, J^odozcmiteSf PterophyUum)t a> oonifer, and ferns (Peoopteria or 
Alethopteris, SphenopterUtf OyelopterU) are quoted from them, and three or four of 
the forma are closely allied or identical with species found in the B&jmahH beds 
of India. 

It was at firat supposed that the plant-bearing beds were lower in p^osition than 
those containing marine fossils, and the whole of the Uitenhage series was con¬ 
sidered as of later age than the E^aroo beds. Tite marine beds were considered 
Middle Jurassic. Subsequently, however, Stow*^ showed conclusively that a por¬ 
tion of the marine beds, judging by thoir fossils, are of uppermost Jurassic or even 
Neooomian age, and also that the relation of the plant-bearing beds to the marine 
strata are far less simple than was supposed.* Indeed, to judge from Stow’s ac¬ 
count, it is by no means clear that a portion of the wood-bed series or saliferous 
series, to which the plant-beds belong, is not higher in position than the marine 
Jurassic strata. 

There is a very extraordinary similarity between the geology of the southern 
part of Africa and that of tho peninsula of India. In both countries a thick fresh¬ 
water formation, without any marind beds intercalated, occupies a large area of 
the interior of the country, whilst on the coast some marine Jurassic and creta¬ 
ceous rocks are found, the former in association with beds containing plants. 
The coincidence is not ejm confined to sedimentaiy beds. As in India so in 
Soutj;^ Africa, the uppermost inland Mesozoic fresh-water beds are capped by vol¬ 
canic, jocks. 

It has been assumed, but not apparenitty on any clear evidence, that the 
marine coast-beds and the associated, plant-beds are in Africa much newer than 
the inland sandstone formation, *but it is not impossible that the relations may 
really be the same as in India, add that the Stromberg beds of the inland forma¬ 
tion may be, the equivalents of the Upper Jurassic or even the cretaceous marine 
beds on the coast. The discovery of plants identical with those of the Jurassic 
^ probably Upper Jurassic) beds of QueonAland in the Stormborg series may of 
course be taken for what it is worth; it is of quito as much importance in 
indicating tho age of the rocks as the occurrence of dicynodont reptiles in the 
Permian of Bussia and in the lower Gondwinas of India. 

Altogether there is quito sufficient probability that the upper Karoo or Storm- 
berg beds are of later age than Triassic to justify the protest which I made last 
year against a'skull being described from these beds as that of a ‘ Triassic’ mam¬ 
mal.* Tho practice, so common amongst palceontologists, of positively asserting 
as a known fact the geological age of organisms from beds of which the geologi¬ 
cal position is not clearly determined, is very much to be deprecated. 

1 have called attention to the occurrence of boulders in tho Tfilchir beds in 
India, the Ecca beds of South Africa, and the Bacchus Marafi sandstones and 
Hawkesbury beds of Australia. The idea has occurred quite independently to 
several different observers that each of these remarkable formations affords 
ovidenco of glacial* action; and althougl;. in the case of India especially, tho 


* Q.J.Q.S, xsvii., p. 479. 
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geographical position of the bonlder*bed within tho tropics seemed for a long time 
to render the notion of ice action too improbable to be accepted, farther evidence 
has so far confirmed the view as to cause it to be generally received. Even before 
the Australian boulder-deposits had been observed it was suggested that the 
Talchir beds and Ecca conglomerate might be contemporaneousj^ and that the 
evidence in favour of a Glacial epoch having left its traces in the Permian beds 
of England ‘ might possibly indicate that the Indian and South African boulder- 
beds ore of the same geological epoch. The discovery of two similar deposits in 
Australia adds to tho probability thai^all m)i>y have resulted from the same cause 
and may record contemporaneous phenomena. It would be very unwise to insist 
too much on the coincidence. 


It would be easy to call attention to farther' examples of discrepancies in 
paIa}ontological evidence, but I should weary you and nothing would be attained 
by going ^through instance after instance of deposits in distant parts of the world, 
the age of which has been solely detennined by the examination of a few fossil 
forms of land and fresh-water animals and plants. I have, therefore, only taken 
a few with the details of which I have had occasion to become acquainted. In 
some of the most important cases I have mentioned, such as those of the Pikermi 
and Siwalik faunas, the Cutch (Umia beds) flora aifd that in the lower coal- 
measures of Australia, the conflict is between the evidence of tho marinfi and 
terrestrial organisms. Manifestly one or the other of these loads to erroneous 
conclusions. 

The general opinion of geologisfa is in favour of accepting'the evidence of 
maidne organisms. The reason is not far to seek. So far as I atfi aware, no cose 
is known where such an anomaly as that displayed 4n tho Gondw^nas of India has 
been detected amongst marine formations of which the sequence was unquestioned* 
In the Gondwinas we have a Rhrotic flora overlying a Jurassic flora, and a Triassic 
fauna above both. In Australia we find a Jurassic flora associated with a Car¬ 
boniferous marine fauna, and overlaid by a Permian fresh-water fauna. The only 
similar case amongst marine strata is that of the well-known colonics of the late 
M. Barrande in Bohemia, and in this instance the intercalation of strata contain¬ 
ing later forms amongst beds with older types is disputed, whilst the difference in 
age between the faunas represented is not to be compared to that between Triassic 
and Jurassic. 

There is, however, another and an even stronger reason for accepting the 
evidence of marine instead of that afforded bj^ terrestrial and fresh-water animals 
and plants. If we compare the distribution of the two at tho present day wo 
shall find a very striking difference, and it is possible that this difference may 
afford a clue to the conditions that prevailed in past times. 

Wanderers into what they fancy unexplored tracts in palaeontology are very 
likely to find Professor Huxley’s footprints on the path they are following. I have 
had occasion to turn to a paper of his on *Eyyerodapedon^ that very curious reptile 

' ' CI.J, O. 8., xxsi., p. 628, 

® Q. J. a. 8., xi., p. 186. 

. * Q,J. G. 8., XXV., p. 150. 
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already mentioned,'o| which the reihains occur both in Great Britain and in India, 
and 1 find the following remarks, which appear so exactly to express a portion of 
the view to which I wish to call your attention, that I trust I may be excused for 
quoting them. Professor Huxley writes:— 

‘ It does noti^appear to me that there is any necessary relation Ijetween the 
fauna of a given land and that of the seas of its shores. The land-faunm of Britain 
and Japan are wonderfully similar; their marine faunae ore in several ways 
different. Identical marine shells are collected on the Mozambiq*ao coast and in 
the easteramost islands of the Pacific; whilst the faunae of the lands which lie 
within the same range of longitude are extraordinarily different. What now 
happens geographically to provinces in space is good evidence as to what, in 
former times, may have happened to provinces in time; and an essentially 
identical land-fauna may have^ been contemporary with several successive marine 
faunce. 

‘ At present our knowledge of the terrestrial faunro of past epochs is so slight 
that no practical difficulty arises from using, os we do, sea-reckoning for land-time. 
But I think it highly probable that sooner or later the inhabitants of the land will 
be found to have a history of their own.’ 

When these words wqre written more than fifteen years ago very few of the 
geological details to which,! have called your attention were known, I need not 
point^ut how wonderful a commentary such details have afforded to Professor 
Huxley’s views. 

I have no desire to quote authoril^. I '^ear that in the facts I have been 
laying before you my quotations of the most authoritative writers have been made 
less for the purpose of showing reverence than of expressing scepticism. My 
reason for calling attention to l^fessor Huxley’s views is different. I entirely 
agree with .them; but there is, I think, something to be added to them. There 
is, I believe, an additional distinction between land and marine faunas that 
requires notice, and this distinction is one of very great importance and interest. 
It appears to me that at the present day the difference between the land-faunas of 
different parts of the world is so vastly greater than that between the marine 
faunas that if both were found fossilised, whilst there would be but little difficulty 
in recognising different marine deposits as of like age from their organic remains, 
terrestrial and fresh-water beds would in all probability bo referred to widely 
differing epochs, and that some would be more probably classed with those of a 
past period than with others of the present time. 

I had proposed to enter at some length into this subject, and to attempt a 
sketch of the present state of our knowledge concerning the distribution of terres- 
trial and marine faunas and floras. But I foand that it was ^impossible to do 
justice to the question without making this address far longer than is desirable, 
and I have already taken up more time than I opght to have done. I can there* 
fore only treat the subjectf very briefly. 

As you are doalftless^ware, tlie most important work upon the distribution of 
texrestrial animal^yet published is that of Mr. Wallace. He^ divides the earth’s 

• 

* Dr. Pi^L. Scluter wm the original author of the sub-diviaion adopted h; Mr, Wallace. 
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surface into six regions—Paleearctic, Ethiopian, Oriental, Australian, Neotropical, 
and Nearctic. Some naturalists, with whom I am disposed to agree, consider 
Madagascar and the adjacent islands a seventh region, and it is possible that one 
or two other additions might be made. 

. These regions are essentially founded on the distribution of vertebrata, 
especially mammals and birds, and the following table, taken from Wallace’s lists, 
shows the percentage of peculiar families of vertebrata and peculiar genera of 
mammalia in each region, mammalia being selected as being more oharacteristio 
than birds and better known than rqptile^, amphibians, .or fishes;— 


Rioioirs. 

Total 
familioa of 
Vprtebrates. 

Peculiar 

Families. 

Percratacre 
of Peculiar 
Famillee. 

Total 
Genera of 
Mammals. 

Peculiar 
Genera of 
Mammal:’. 

Percentage 
of Peculiar 
Genera. 

Pnltoarctic 

137 

3 

22 

100 

37 

87 

Etliiopinn* 

175 

23 

131 

142 

90 

63 

Oriental 

163 

13 

7-4 

118 

54 

46 

Australian . 

142 

30 

211* 

70 

45 

65 

Neotropical 

168 

45 

26-8 

‘«131 

103 

79 

Nearctic 

121 

12 

9-9 

74 

24 

€2 

« 


The marine mammals and reptiles are too few in number to be compared with 
the land-fauna, but whales, porpoises, seals', sirsnians, turtles and sea-snakes are 
for the most part widely diffused. The best class of the vertebrata for compari¬ 
son is that of the fishes, and some details taken by Wallace from Gunther’s 
‘ British Museum Catalogue ’ are very important. The whole class is divided 
into 116 families, of which 29 are exclusively confined to fresh water, whilst 80 
are typically marine. Of these 80 no less than 60 are universally, or almost 
universally, distributed, whilst many others have a very wide range. Pour fami¬ 
lies are confined to the Atlantic and 13 to the Pacific Ocean, whilst a few mor.e 
are exclusively southern or northern. About 63 are found in both the Atlantic 
and Pacific. 

Now, of the 29 fresh-water families, 16, or more than one-half, are confined 
each to a single region, 9 are found each in two regions, 2 in three regions, and 
the same number in four; one only (OyprimdoB) is found in five regions, whilst 
not one is met with in all six. It is impossi’Me to conceive a greater contrast : 
60 marine families, or 62*6 per cent., have a world-wide distribution, whilst not a 
single fresh-water family has an equally extended range, and more than one-half 
are confined each to a single region. 

The regions adopted by Wallace, as already stated, are founded on the verte‘ 
hrata; he considers, however, that the distribution of tite invertebrates is similar. 
So far as the terrestrial mollusca are codbemed, I am inclined to dissent from this 
view. But for one ciroumstance the mollusca would afford an admirable test of 
the theory that marine types—species, g^hera, and families—are much more 
widely spi’end than ^ terrestrial. 1 am assured that this is the cube, but the 
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difficulty of proving it arises from the fact that the classification of pnlmonato 
terrestrial mollusca, as adopted by naturalists generally, is so artificial as to be 
worthless. Genera like Helix, Bulimus, Achatina, Pupa, Vitrina, as usually 
adopted, are not real genera, but associations of species united by characters pf 
no systematic importance, and the attempts that have hitherto been made at a 
natural classifiiSition have chiefly been founded on the shells, the animals nob 
being sufficiently known for their affinities, in a very large number of cases, to 
bo accurately determined. Of late years, however, more attention has been 
devoted to the soft parts of land mollnsks, and in Dr. Paul Fischer’s * Manuel do 
Conchyliologie ’ now being published, a classification of the Pulmonate Gastero¬ 
poda is given, which, although still imperfect for want of additional information, 
is a great improvement upon any previously available. In this work the first 
13 families of the Pulmonata Oeophila comprise all the non-operculate land 
mollusca, or snails and slugs, and these 13 families contain 82 genera thus 
distributed 

Peculiar to one of Wallace’s land regions ...... 54 

Found in more than one, but not’ in both America and the Eastern 


hemisphere . . ^ . , . . . . . .12 

Common to both hemispheres ........ 16 


The last 16, however, ii^udo Limax, Vitrina, Helix, Pupa, Vertigo, and some 
other genera which certainly need further repartition. The operculated land- 
shelfs belonging to a distinct sub-order, or order, and closely allied to the ordinary 
prosobranchiate gasteropoda, are better classified, the shells in their case affording 
good chai’acters. They comprise four well-marked families {Helicinida, Gych- 
atomida, Oyclophoridm, and DiplStnw^tin%d<B), besides others loss well marked or 
but doubtfully terrestiial. Not fmo of the families named is generally distributed, 
and the genera are for the mos^; part restricted to one or two regions. The portion 
of Dr. Fischer’s manual relating to these mollusca is unpublished, and the latest 
general account available is ’that of Pfejjffer, published in 1876.^ From this 
rnonograph I take tho following details of distribution. The number of genera 
enumerated is 64 (including Proaerpinidee). 

Peculiar to one of Wallace’s land regions ...... 48 

Found in more than one, hut not in both America and the Eastern 

hemisphere.8 

Common to both heuiispherce 8 

It is the distribution’of the terrestrial operculate mollusca which induces me 
to suspect that the distribution of land mollusca differs from that of land verte¬ 
brates. One instance I may give. There is nowhere a better marked limit to 
two vertebrate faunas than that known as Wallace’s line separating the Austra¬ 
lian and Oriental regions, and running through the Malay archipelago between 
Java, Sumatra, and Borneo, on the one hand, and Papua with the neighbouring 
groups on the other. There is in the two regions a very great difference in the 
vertebrate genera,^and/*con8iderable replacement of families. The Oriental ver- 
tebrata contain far teore genera and families common to Africa t}ian to Australia. 
Now, the operculate land-shells known from New Guineft and Northern Australia 

^ ' Monographia PnemonopvmvrMm TivenUum Supp. iii. 
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belong to snch genera as Gyclophorus, Cyclotm, Leptopoim, ^PupineHa, Pupina, 
Diplommatina, and Helieina, all found in the Oriental region, and mostly charac* 
teristio of it, whilst the only peculiar types known are Leueoptychia, closely allied 
to Leptopoma, from New Guinea, and Heterocyclas, apparently related to the 
Tndian Oyathopoma, from New Caledonia. Farther east in Polynesia there are 
some very remarkable and peculiar types of land*she]Is, such as '^Achaiinella, but 
these do not extend to Australia or Papila. On the other hand, scarcely a single 
Oriental genus extends to Africa, the terrestrial molluscan fauna of which con¬ 
tinent differs far more from that of tlje Oi;iental region than the latter does from 
that of tropical Australia. 

The same is the case with plants. In an important work lately published 
by Dr. 0. Drude, of Dresden, the tropics of the Old World are divided into three 
distinct regions—(1) tropical Africa; (2) the East African Islands, Madagascar, 
&o. ; (3) India, South-Eastern Asia, the Malay archipelago. Northern Australia, 
and Polynesia. 

A very large proportion of the families and even of the genera of marine 
mollusca are almost of world-wide distribution, and even of the tropical and 
sub-tropical genera the majority are found in all the warmer seas. I have no 
recent details for the whole of the marine mollusca, but a very fair comparison with 
the data already given for Land-shells may be obtained from the first 25. families 
of Prosobranchiate Gasteropoda, all that are hitherto published in Fiscjicr’s 
manual. These 25 families include Gonidre, Olividm, Volutidce, Bnccinidte, Mari- 
cid(P, Gypreidee, Stromhida, Gerithiidie, Plannxidts and their allies, and contain 
IIQ living marine genera, the known range of which is the following:— 


Found only in ttie Atlantic Ocean . . o. 

Found only in the Pacific or Indian Ocean, nr both v 
Found only in Arctic or Antarctic Seas, or in both 


. 16 
. 28 
.. 12 
- 56 


Found in the warmer parts of alt oceans 

Widely, and for the moat |Hirt uiiivennlly, distributed 


»• 


. 34 
. 27 
— 61 


That is, 52'6 per cent, are found in both hemispheres, whilst only 19*5 per cent, of 
the inoperculate, and 12’5 per cent, of the operculate land mollusca, have a 
similar distribution. This is, however, only an imperfect test of the difference, 
which is really much greater than these numbers named imply by themselves. 

Some genera of fresh-water mollusca, as Undo, Anodon, Oyclas, Lymnea, 
Planorhis, Paludina, and Bythinin, are veiy widely spread, but a much larger 
number are restricted. Thus if Unio and Anodon are exteng^ively distributed, all 
allied fresh-water<genera, like Monocondyhm, Mycetopus, Iridina, Spatha, Gastalia, 
JStheria, and MUlleria inhabit one or two regions at the most. The same result 
is not found &om taking an equally important group of marine mollusca, such as 
Vemrida or Gardiadee. - 

Throughout the marine invertebrata, sO far as I know, tho same rule holds 
good: a few generic types are restricted to particular seas; the majority are 
found in suitable habitats throughout a largo portion of the globe. The marine 
provinces that have been hitherto distinguished, as may be seen by r^erring to 
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those in Woodward’^ ‘ Mannal of the Mollaaca,' or Forbes and Godwin Ansten’s 
* Natural History of the European Seas,* or ‘ Fischer’s *Manuelde ConchyUologie,' 
or Agassiz’s ‘Revision of the Echini,* are founded on specific distinctions, whilst 
the terrestrial regions are based on generic differences, and often on the presence 
or absence of even larger groups than genera. 

Botany offer/ a still more remarWble example. I have just referred to 
Dr. Oscar Drude’s work,* published within the lust few months, on the distribu* 
tion of plants. Dr. Drude divides the surface of the globe into* four groups of 
floral regions (Fhrenrelchsgrnppe), and thes^ again into floral regions (Floren- 
retche), fifteen in number, which are again divided into Bub.regions (jQehiete). The 
first group of floral regions is the oceanic, comprising all the marine vegetation of 
the world; and so uniform is this throughout that no separate regions can be estab¬ 
lished, so that there is but one oceanic to contrast with fourteen terrestrial regions. 

It is impossible to enter farther into this subject now, and I can only allude to 
the evidence in favour of the existence of land-regions in past times. It is scarcely 
necessary to remind you of the pioofs already accumulated of differences between 
the fauna of distant countries in Tertiary times. The Eocene, Miocene, and 
Pliocene vertebrata of North America differ quite as much from those of i^nrope 
in the same periods as do the genera of the present day; and there was as much 
distinction between the lyammaiia of the Himalayas and of Greece when the 
Siwayk and Pikermi faunas were living as there is now. In Mesozoic times we 
have similar evidence. The reptiles .of the American Jurassic deposits present 
wide difierences from those of the Eu''^poas beds of that age, and the South 
African reptilian types of the Karoo beds are barely represented elsewhere. But 
there is no reasoTi for supposing tliat the limits or relations of the zoological and 
botanical regions in past times w&re the same as they now are. It is quite certain 
indeed that .the distribution of laud-areas, whether the groat oceanic tract has 
remained unchanged in its general outlihes or not, has undergone enormous varia¬ 
tions, and the migration of the terrestrial fauna and flora must have been depen¬ 
dent upon the presence or absence of land communication between different 
continental tracts ; in other words, the terrestrial regions of past epochs, although 
just as clearly marked as those of the present day, were very differently distributed. 
The remarkable resemblance of the floras in the Karoo beds of South Africa, the 
Damuda of India, and the coal-measures of Australia, and the wide difference of 
all from any European fossil flox'a, is a good example of the former distribution of 
life; whilst it is scarcely necessary to observe that the present Neotropical and 
Australian mammals resemble those of the same countries in the later Tertiary 
times much more than they do the living mammalia of other regions, and that the 
Australian mammal fauna is in all probability more nearly allied to the forms of 
life inhabiting Europe in the Mesozoic era than to any Eurepean types of later 
date. If the existing mammals of Australia^had all become extinct, a deposit 
containing their hopes would probably have been classed as Mesozoic. 

The belief in the farmer universality of faunas and floras is very much con¬ 
nected with the idea once generally prevalent, and still far from obsolete, that the 
.temperature of the earth’s surface ■^s formerly uniform,* and that at all events 

* Psteruiann'g Mittheiluage*, ErgfliizuugsiLeft, No 74, * Uio Florenroiclia dor Erde.’ 
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until early or even middle Tertiary times the poles were as lyarm as the equator, 
and both enjoyed a constant tropical climate. The want of glacial evidence from 
past times in Spitsbergen and Greenland, where a temperature capable of support* 
ing arboreal vegetation has certainly prevailed during several geological periods, 
is counterbalanced by the gradually accumulating proofs of Lower Mesozoic or 
Upper Palaeozoic glacial epochs in South Africa, Australia, and* strangest of all 
in India. Even during those periods of the earth’s history when there is reason 
to believe that *the temperature in high latitudes was higher than it now is, evi¬ 
dence of distinct zones of climate ^has ^been observed, and quite recently Dr. 
Nenmayr,’ of Vienna, has shown that the distribution of, Cretaceous and Jurassic 
cephalopoda throughout the earth’s surface proves that during those periods the 
warmer and cooler zones of the world existed in the same manner as at present, 
and that they affected the distribution of marine life as they do now. 

The idea that marine and terrestrial faunas and floras were similar throughout 
the world’s surface in past times is so ingrained in palmontological science that it 
will require many years yet before the fallacy of the assumption is generally 
admitted. No circumstance has contributed more widely to the belief than the 
supposed universal diffusion of the Carboniferous flora. The evidence that the 
plants which prevailed in the coal-measures of Europe were replaced by totally 
different forms in Australia, despite the closest similarii^y in the marine inhabitants 
of the two areas at the period, will probably go far to give the death-blow^ an 
hypothesis that rests upon no solid ground of observation. In a vast nqmber 
of instances it has been assumed thatrsimilarity between fossil terrestrial faunas 
and floras proves identity of geological age, and, by arguing in a,vicious circle, the 
occurrence of similar lypes assumed without sufccient proof to b^lont' to the same 
geological period has been alleged as evidence of the existence of similar forms 
in distant countries at the same time. 

In the preceding remarks it may perhaps have surprised some of my auditory 
that I have scarcely alluded to any Anjerican formations, and especially that I have 
not mentioned so well-known and interesting a case of conflicting paloeontological 
evidence as that of the Laramie group. My reason is simply that there are 
probably many here who are personally acquainted with the geology of the 
American Cretaceous and Tertiary beds, and who are far betler able to judge than 
I am of the evidence as a whole. To all who are studying such questions in 
America I think it will be more useful to gpve the details of similar geological 
puzzles from the Eastern hemisphere than to attempt an imperfect analysis of 
difScult problems in the great Western continent. 

Perhaps it may be useful, considering the length to which this address has 
extended, to recaj)italate the principal facts I have endeavoured to bring before 
you. These are— 

1. That the geological age assigned on homotaxial grounds to the Pikermi and 
Siwalik mammalian faunas is inconsistent with the evidence afforded by the 
associated marine deposits. ^ v • 

to 

* ' UeLer klimatiBche ^nen w&hi'end der JurM^uud Kreidezeit,’ Denksehr. Math, Nat. Cl. 
Akad. WUs. Wien, voi. zlvii. 18B3. ^ 
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2. The age similarly assigned on the same data to the difierent series of the 
Gondwina system of India is a mass of contractions; beds with a Triassic fauna 
overlying others with Bhaatic or Jurassic floras. 

3. The geological position assigned on similar evidence to certain Austrah’an 
beds is equally" contradictory, a Jurassic flora being of the same age as «' 
Carboniferous marine fauna. 

4. The same is probably the case with the terrestrial and fresh-waler faunas and 
floras of South Africa. 

5. In instances of conflicting evidence^between terrestrial or fresh-waier 
faunas and floras on one side, and marine faunas on the other, the geological age 
indicated by the latter is probably correct, because the contradictions which prevail 
between the evidence afforded by successive terrestrial and fresh-water beds are 
unknown in marine deposits, .because the succession of terrestrial animals and 
plants in time has been different from the succession of marine life, and because in 
all past times the differences between the faunas and floras of distant lands have 
probably been, as they now are, vastly greater than the differences between the 
animals and plants inhabiting the different seas and oceans. 

6. The geological age attributed to fossil terrestrial faunas and floras in distant 
countries on account of the relations of such faunas and floras to those found in 
European beds has proved eftroneous in so large a number of cases that no similar 
deternainations should be accepted unless accompanied by evidence from marine 
beds. ■- It is probable in many cases—perhaps in the majority-^where the age 
of beds has been determined solely b;y the* comparison of land or fresh-water 
animals or plants with those foun^ in distant parts of the globe, that such deter¬ 
minations are incorrect. 


Afghan Field-notes by C. L. Gsiesbach, F^G-S., Geological Survey of India (on 
duty with the Afghan Boundary Commission). 

The march of the Afghan Boundary Commission was first from Quetta to 
Route Nushki, after crossing the Lora south of the Fishin valley; 

from Nushki to Khwaja Ali on the Helmund (east of 
Budbar) by long and weaty marches. We followed the river down to Chahar 
Burjak, where we crossed it. From this point we went in a more or less north¬ 
ward direction through Kalah-i-Fath past the Helmund Lakes to Lash-Juwain, 
through the Anardara pass, and passing Sabssawar westwards, to Pahri and even¬ 
tually to £uhs4n on the Hari Bud, avoiding Herat altogether. Here General Sir 
Peter Lumsden, K.C.B., joined our party under Colonel Bidgeway.* 

On the 25th November, the General with a small party left us to go vid 
Chasm-Sabz (not on the old maps) and Panjdeh to these our winter quarters on 
the Murghdb river. We followed next day by another route to Knshk, finally all 
meeting at Bala Mn^fliabf At Knshk, T Obtained permission to go off 1^ myself 
on a geological trip’; I returned to the Herat valley ly the JBand-i-B4b4, went to 
within a mile of Herat city, afterwards returning over the Band-i-Zurmnst to 
Kila N4u add to B41a Murghab. 


H 
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The marcli from India to the vallej of the Mnrgh&b has taken ns from East- 

River drains Bilnchistan, which belongs to the Indus drainage 

into the Lora and Helmund basins (Seistan, d/C.) and 
thence over the great watershed south of Herat, into the Central Asian basin 
of the Hari Rud and the Murghib. The watershed which divides Southern 
Afghanistan from Central Asia, is formed as far as we know by the range of 
mountains called on our maps the Siah Koh, with its western continuation, the 
Doshakh mountains. 

There seems to exist a marked,diff^^nce in’ the geological features of the 
areas divided by this great range, and I intend therefore to treat them separately 
in these notes. 

The time was too limited to admit of a regular geological survey of the coun¬ 
try traversed, but I believe the notes collected with the experience gained in my 
former work in Afghanistan has enabled me to come to fairly accurate conclusions 
with regard to the geology of the country. 

As will even be clear from a view of the old map of Afghanistan' the country 
lying between Nushki and the Helmund, with much of the 
north of it, is.nothing but a desert now, though 
water may be found in most localities by digging wells. 

The features of the Whole area are similar to tho#% described between Kanda¬ 
har and Quetta, consisting of more or less parallel ranges, which run between 
east—west and north-east—south-west, separated by wide stretches of ^asht- 
deposits, which reach an enormous thickness in the Lower Helmund valley. 

The ranges which we crossed in succession south of the Helmund are merely 
continuations of ranges which I have described already in my liemoir on South¬ 
ern Afghanistan, and I may at once say that, wi^h the exception of one or two 
points, I could not elucidate any new fact in relation to the rocks which compose 
the hill ranges souih of the Doshakh range south-west of Herat; north of these 
hills tho character of the rocks entirely changes. 

Between Quetta and Nushki, I crossed the “ Ghaziaband ” range at a point 

Ghaaiiabaiid rnnge. south-west of my old route of 1880, and near the village 
of Kamak. I wish I could have remained a few days in 
that neighbourhood ; there are several points of geology connected with the sec¬ 
tion of this range which are not at all clear to me. The country is now, however, 
quite accessible to any one, and will no doubt before long be carefully surveyed. 

The range is skirted on its south-east slope by clays, of red and greenish white 
colour, which re-appear in considerable thickness in the 
Lora basin. In 1880,1 beli iTed them to represent the Gdj 
beds of Sind, wjiich Mr, Blanford disputes, and 1 believe on good grounds. Since 
then I have had an opportunity of seeing the Siwalik rocks of the Derajat, 
Kohdt district and the Trans^ndus Salt-range. There, especially in the latter 
area, a great thickness of red and greenish-white clayt^ sandstones and conglome¬ 
rates overlie the cretaceous beds, and ans considered by*W^nne to be represent¬ 
atives of the liower Siyvaliks. I was struck with the lithological likeness of these 
Trans-Indus Siwalik beds with what I reiniembered the Ghaziaband beds to be 
* GcnerHl Walker’a map, 1 inch «• 32 mile, 1883. * 


Siwaltks of Biluchistan. 
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I have had now a second opportunity of visiting the latter, and the resemblance of 
them to the Salt-range Siwalifcs seems to me perfect. If my supposition is correct, 
then these bods do not represent Upper but the Lower Siwalik beds. Fossils I 
hare none out of them. 

The greenish'grey sandstone and shales which compose the pass leading from 
Kamak to Panjpai, may be the same as the nummulitic 
Karaak** sandstone (Flysch ?), which I saw in 1880 ip the Ghazia- 

band pass j but if so, their character changes slightly 
towards the south-west. I believe the Famajs: beds resemble rather the Khojak 
group of rocks. • 

Between Panjpai and Nushki one crosses the hill ranges which form the 
south-western spurs of the Khojak Amran mountains, and, 
Khojak beds. j expected, the geological structure of the hills is the 

same; the principal rocks are sandstones and hard splintery shales, all much, 
contorted, of exactly the same lithological character as the Khojak beds. Near 
Kaisar, east of Nushki, I met traps and a granitic rock of similar characters to 
those of the trap and granitic rocks of Gatai and Dobrai, north of the Khojak. 

When I first crossed the latter pass in 1880, it seemed to me probable that the 
hippuritic limestones, which compose the isolated hills on the north-west side of the 
Khojak Amran range, dippdd below the Khojak sandstone; I therefore believed 
the latter to belong to the upper cretaceous series, equivalent perhaps to the 
“ Vienna Sandstone” of the northern Alps. Since then I have had an opportunity 
of actually crossing the Suleradn ran^e,' and I found there a formation of sand> 
stone and shales underlying the ujjper cretaceous beds of the Takht-i-Snlemdn, 
which appear to me to be of the same lithological character as the Khojak beds. 
If they represent these beds, thejj the latter would probably belong to the lower 
cretaceous series rather than the upper, and my interpretation of the broken sec. 
tion of the Khojak would be ervoncous. * A careful study of the hills between 
Paiypai and Nushki will, no doubt, settle this point. 

The valleys between the rugged hill ranges of this part of Bilnchistan 
are partly filled by post-tertiaty and recent depo.sits, mostly 
uebista^*^*^'***** clays, with a capping of a widely spread bed 

of conglomerate and breccia, which I also found forming 
extensive plains in Southern Afghanistan. 

Aerial formations in the shape of blown sand cover large tracts in these wide 
valleys, and practically all the level country between 

Aerial foimations. Nushki and the Helmund is covered with sand-hills. It is 

characteristic of them that they generally form low hills of crescent shape, with the 
horns and the scarp turned to leeward; the inclined plane formed j)y the currents 
of air are therefore generally dipping westwards and show a rippled surface^ 
resembling closely the accumulations of drift snow, on the high Himalayas. 

As the sand-hills gradually adviance, they uncover here and there the beds 
below, which are geherall)^ a thin plastesing of clays on the top of the conglo¬ 
merate already noticed.* , 

1 Supra, Vol. V. VII, part 4. 

“ * Ifemoirs, Qeol. Surv. Ind., XVIII, p. 14. 


Aerial formationa. 
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Igneous rocks, of the 
Biluoh desert. 


Hippuritie limestone. 
Igneous rocks. 


The higher hills between Nnshki and Galichah are ajl formed of igneons 
rocks, most of them of a basic type. At a few points 
isolated masses of a granitio rock appear, and near 
Galichah. (Malik Dokan) I met a calcareous contact rock 
with reins of gypsum and a serpentine with reins of chiysolite, which is quarried 
by the natires for ornamental purposes. * 

At Galichah one enters the Lut, a great desert which stretches down to the 
Helmund rirer, and the greater part of which is covered with blown sand. 

The geological features of the wester^ part of the Helmund area are qxtiemely 

The Helmund basin All the higher ranges aye the western and south¬ 

western continuations of offshoots from the Siah-Koh, and 
are composed of upper cretaceous beds (hippuritie limestone) with associated 

traps and syenitic granite. The limestone is fossiliferons 
throughout: hippurites are found in great numbers in all 
beds of this formation. Near the igneous rocks the lime¬ 
stone is converted into a fine-grained white marble. 

The contact rock between the hippuritie limestone and the trap is precisely 

^ , of the same character as .the rock which contains the gold 

Contact rock. tt- j t. j • ^ j • • m -x* tx 

near Kandahar, and is found in a similar position. It 

is in situ north of Sher Buksh. 

The range north of Kala-i-Kah and the greater mass of the hiUs grossed 
between this point and Pahri are formed of hippuritip lime- 
Sjenitic granite. gtone with intrusions of trap. The valley of the Karez-i- 

Dasht, north of the Anardara pass, is formed of syenitic granite, of later ago 

and intrusive in the trap. r 

Red and white clays, very like the beds of the Gbaziaband pass, near Quetta, 
forqi some of the lower ranges and plateaux, between the 
trap hills of Sher‘BukBh and Fuhri. Near the latter place 
the beds of this formation are raised up and dip north-west 
Near Chah Gazek I found some remains of mammafian 
bones in a bad state of preservation. Perhaps these beds 
are of Siwalik age. They are certainly older than the 
clays, sandstones, and conglomerates which overlie them, and which further south 
form widespread areas in the lower Helmund basin. 

The geological features of Afghan Seistan are extremely simple. Only later 
tertiary and recent deposits are met with. The former are 


Tertiaries of South 
AfgUiuiwtaii, near Pahri. 

at a vaiying angle. 
Mamniftlian bones. 


tei-tiariw and of fiuviatile and aerial ori^, and overlie the coloured 
recent rocki. days with mammalian remains of Chah Gazek. 

The prevailing rocks are clays, soft sandstones, and gravels, locally with enor¬ 
mous thiftknftiMtfia of “ loess heds. The latter are thick Unstratified beds of fine 
silt, with false-bedded sandy layers. Veins of gypsum are frequent, and cavities, 
occasionally still retaining some lignitio ztmtlets and stems of plants, are found 
throughout the deposit; such cavities art also characteiittic of«the “ loess ” deposits 
of Europe, which are ijiow generally supjwsed to he of aerial origin. 

These beds form high scarps along the l^pnks of the Helmund, and lower down 
along the eastern shores of the Hamdn, where they are well exposed. • In litholo- 
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'gioal cbaraoter th^.resemble the Upper Manohhars of the Nari gorge, near Sihi, 
of which they are probably an equivalent. 

Recent and posUtertiary deposits, soft sandstones and conglomerates, both 
containing worn material from the heighbotiring hill 
i^Mt-tertisrioB and are fonnd in considerable thickness in the Fa^ 

* Bud, the Kash Budak, and capping the mammalian beds 
of Seistan and Biluchistan. Locally the conglomerate is replaced by a hard 
limestone breccia (near Gralichah in Biluchistan), but the group ot roclm is every¬ 
where seen to overlap and even to rest quite unconformably on the underlying 
mammal beds of Seistaq. They resemble in general character the post-tertiaries 
of Sind, of the Derajdt, and the Punjab. In general outlines the drainage which 
produced these beds must have been identical with the drainage of the rivers of 
the present day, though here and there the area may have ‘been much more 
extended. 

The range which runs more or less with the 34" North latitude, and which on 
our maps beaia the names of the Siah Koh and Doshakh 
of mountains, marks a complete change in the geological 

structure of Central Asia. Whereas south of this range 
no older rocks than of the cretaceous period are known to exist, the Doshal^ 
range itself consists of psleeozoic rocks, and between them and the Tir-band-i- 
Turl^istan range is a series of beds all dipping more or less north or north-easi^ 
and oomprising the entire upper palteozoic and mesozoic series. 

Up to the present I obtained the following sections. In the Doshakh range, 
from Pahri to Zindajdn (Herat valley) ; over the Chillin- 
Scctions obtaine . pass,'east of the Doshakh peaks, and from Zindaj4n 

to Robat-i-pai; in the Paropandisus, the Band ^-i-Kaitu, the Band-i-B&ba and 
the Band-i-Zurmust. Unfortunately these sections require coimecting before I 
can form a perfectly clear idea about the structure of these mountain ranges, but 
I ^believe that I shall have another opportunity of crossing the Herat valley 
,. -. .. before leaving’’ Afghanistan, to complete my work. I 

round the following groups of rocks in the area between 
the Doshakh range and the Tir-band-i-Turkistan :— 

In descending order:— 


Recent and post-tertiary . Allovinm of Hari Rud and Murghab sandstone and conglo- 
. niorates. 

Siwaliks, Upper . . . Sandstones, grits, clays of Ghorian and Tirpal (Hari 

Bud). 

„ Lower . . . Red and white clays of Chesm Sabz, Sakhra (Mnrghib). 

Crotaoeous .... Tir-band-i-Turkestan beds. 

Jurassic .... Eushk sandstones, Cbakdn beds. « 

Trias and Rhaetio . . Plant-beds of Band-i-Biba, Zurmnst and Naratd. 

Permian? .... Talchir conglomeral^s, sandstones, and shales. Trap. 
Carboniferons . . ^ . Prodnetna beds of Robat-i-pd. 

In describing tiie roAs I will begin Isith the oldest formation, which was 
the firat noticed on entering the Central Asian region. 

j * Band = pais. 
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Carboniferoiu. 


The Doshakh range appears to be formed of one or mo|^ great antiolinals. 

The south side of the range is composed of hippuritio 
limestone, but unfortunately I had no opportunity of 
finding out the relations of the cretaceous beds to the older rocks composing the 
main range. From what I could learn by crossing the Chillingak pass from 
Pahri to Zindaj4a, and from a section made from the latter plafie to Robat-i>pai 
(near the centre of the Doshakh hills), it appears that a grey sandstone with 
friable shales, s'omewhat resembling in its lithological character the Khojak beds, 
is overlaid by hard dark-blue limestone with ‘calcspar veins which contains 
carboniferous fossils in great abundance. There are several species of Prodmtiy 
amongst them Pr. semUreticuIatus, Atkyris roissyi, Fenestella, and corals. 

These limestones dip about 20’ north to north-east below the alluvial deposits 
of the Hari Rud. Immediately north of Robat-i-pai, on the north side of the 
Hari Rud valley, all the older beds are hidden by extensive clay and sandstone 
beds of late tertiary age. 

A section through the Paropamisus vid the Ardewan pass (north of Herat) 
may probably reveal a continuous section, and this- I hope to accomplish as soon 
as the weather becomes more favourable. 

The section over the Band-i-B&ba from Knshk to Herat is incomplete, as the 

route which I had to follow over the pass more often than 
Bsiid-i-Baba section. . • iv j- .• u .V . <•, i j 

not runs in the direction of the strike of beds and over 

the debris and recent deposits on the south slope of the range. r 

I found north-east of Herat the low spurs which reach to within 1,600 yards 
of tho city, and on which the Ziarat Khwaja Abdullah-i- 
Ansari at Hbazegah is built, to consist of a grey thinly 
bedded gneiss with granitic veins, dip north-east. The 
overlying beds I did not see, nor could I find again the carboniferous. Productns 
limestone in the Band-i-Bdba section. Tlie part of tiio Paropamisus intervening 
between this point and the south sidp of the Band-i-Bdba pass near Palezkfir I 
could not touch anywhere, but from the debris found on the great “ fans ” south 
of it, I should say that carboniferous bods will be found north of Herat. The 
Band-i-B4ba is greatly contorted, and the centre range itself is formed by a great 
anticlinal, which is followed towards the east and south-east by a succession of 
folds, which probably are continued to the Davendar range. 

At the south side of Baba pass near Palezkar I found an extensive formation, 
all the beds of which dip to the east and south-east, 
seemingly quite unconformably to the gneiss of Ghazegah 
and the main range; I recognised it at orce and without 
trouble as Talchir, the basal group of the Indian Gondwiina system. Boulder 
beds, conglomerates, greenish sandstones, and shales predominate, accompanied 
by red and yellow clays and interbedded trap. The latter is a feature which re¬ 
minded me at once of the boulder-bed of the Karoo formation of South Africa. 
Both the fiandstooe and the shales contai^ traces of plaifis, belonging to Verte- 
braria apparently. * . 

Whether these p1an*L-beds rest unconformably on the carboniferous lime¬ 
stones, as the differing dip and strike woul4 indicate, I am at present unable to 


Hilli-near Herat, 
gneiaa. 


Talchira near Palez- 
Ur. 
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Band-i'Zurm ust. 


Cora] limestone. 


Bay, but hope to settle this point before very long. I could not go east of 
Eurukh to the Davendar range, where probably the upper beds of the Gond« 
w&uae would be met with. 

In the B&ba pass the Talchirs seem to form the lowest beds of the anticlinal 

U er lent of overlaid by a great thickness of sandstones, liipe- 

the BAU pMs? ** stones, and shales, which form the top of the pass and the 

long sloping plateau of the north limb of the anticlinal as 
far as Chakfen and Kushk. These beds I believe to represent the entire middle and 
upper Gondwina series. Plant-beds alternate with great thickness of grits and 
sandstones, and a few partings of Ostrea beds (limestones) are found towards the 
upper half of the group. 

The sandstones and grits assume an enormous development towards the 

S dsto f B d ■ portion of the Paroparaisus; the Bnnd-i-Kaitd is 

entirely composed of sandstones, grits, and conglomerates 
of the character of the Mahadeva sandstone. 

The Band-i-Zurmust shows a similar geological structure with one difference. 

Within the group of Talchirs, and towards the lower 
of it, appears a grey limestone, containing coral remains 
and a Nautilus. Plant-beds overlie this limestone, and 
tb^north slope of the Zurmust with the Naratd hill seems 
to b% composed of plant-beds of middle Gondw4na character. The upper strata 
of this series between Naratii and Chak&n seem to have fewer plant-beds, whereas 
the Ostrea limestones increase in thickness.* 

This group of rocks presents all the appearance of having been deposited 

Coast £ormati8n. ^ sca-coast line; especially the upper 

portion^of it north of tho Zurmust must have been formed 
along a low sea coast probably of varying outlines, and we thus have beds pre¬ 
senting all the character of our GoAdwHnas with plants, the strata showing 
false bedding, alternating in the higher horizons with marine shell lime¬ 
stones. 

The plant beds are followed by thick strata of an earthy-white limestone of 
chalky texture, full of the casts of gasteropods and bivalves, 
alternating with a white calcareous sandstone with numer¬ 
ous bivalves. These beds form a belt north of the Paro- 
pamisus, and are well seen between Kushk and Kila Nad, wherever the aiflu- 
ents of the Kushk and Murghab rivers form deep ravines in the plateaux. 

I believe this white shell limestone series belongs to the upper jurassic epoch ; 

it is overlaid by the Tir-band-i-Turkistan limestones, 
C«tMeoi’TS.^“‘ amongst which I certainly found beds with cretaceous 

fossils, but the description of which I reserve for my next 
note. ^ 

Bed and greenish-wh^te clays are in great force in the wide-stretching high 
flain of Chesra^abz, north-east of Kuhsan, and are over¬ 
laid near Tirpul, in the Hari Bud valley, by sandstones, 
silts, clays, |nd grits. I believe ?hat this series represents 
the SiwaJoks. Similar beds, with great deposits of gypsum, and containing so me 


Shdl limestone of 
Kila Nau. Jurassic. 


Tertiaries: 
Siwaliks. 
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fossils, casts of shells of Unio, and the casts of Annelids, I met near Sakhra on 
the Mnrgh^b. 

Bala. MubqhXb ; 

8th January 1885. 


CORRIGENDUM. 

The Pbosphatic rocki at Mosari (Mnssooree) (aupra, Vol. XVII, p. 198). 

In the determination of the composition of the phosph'atic minerals sent by the Rev. Mr. 
Parsons from Mussooree, as given in the last number of tho Records, two operators were implicated* 
and owing to the absence on leave of Mr. Mallet and myself it was not known that one of them, 
our new Museum Assistant, was very inexperienced in lalramtory work. Mr. Mallet had taught 
him how to make the ordinary assay of a limestone, but of general chemical analysis he knew 
next to nothing. It thus befell that when heundcr took to determine the lime in these stones* 
not knowing the peculiar behaviour of this substance in the presence of phosphoric acid, be only 
obtained the amount of lime that existed in excess of that present os phosphate, amounting to 
8*42 per cent. ' 8ince Mr. Mallet’s return he has bad a full determination made, giving 2C*S of 
lime, of which 18'5 was present as phosphate, representing 34*1 of this salt or 15'6 of phosphoric 
acid, being about a third of the total quantity present. The stone thus remains still principally a 
phosphate of alumina, but tho difference is sufficient to call for a correction of the previous state¬ 
ment, as the phosphate of lime is the most important ingredient. The stones are described as 
occurring in some abundance and at many different places in brown shales immediately overlying 
limestone, so they may yet prove of economic value. " < 

Of even greater interest, considering the fnilure hitherto to And fossils in any of the-outer 
Himalayan rocks, is the announcement by Mr. Parsons (under date of 2l8t November 1884),, that 
he has obsrrvid in the nodules what appear to, him to be minute organisms. Preparations are in 
hand to investigate so iuteresiing a discovery. 

H. B. MEDLICOTT. 

ADDITIONS TO THE MUSEUM. 

Fbou Ibt Octobbb to SIst Decfubeb 1884. 

Fossils from Nila in the Salt Bange, Punjab, from the bed below the coal. 

Prksbntbd by Da. H. Wabth. 
A model of the Gor-do-Norr diamond after cutting. Weight 24(t carats. Valued at £25,0fH> 
in London and Paris. Pbesbntbb by Mbssbs. P. Obr and Sobs, Madras. 

Specimens of quartz pebble, nsed as bearings and pivots in native flour-mills at Debra Dun, 
Punjab. Pbesbntbd by Db. H. Wabth. 

Speeimena of cut and polished ferruginous limestone, pnddingstone, silicifled palm, helio> 
trope, syenite, jasper, granite, chalcedony, chert, onyx, and agate, purchased at Banda, 
N. W. P. Pbesbbted by fHB Collector of Banda, N. W. F. 

Specimens of gypsum, beryl, chalcedony, rock crystal, schorl, amethys'., and martite from 
the Bombay Presidency. Pbesbntbd by the Bombay Exhibition Committbb. 

Specimen of a polislted marble paper-weight from Kathiawar. 

Pbesbntbd by thb Monayada Statb, Kathiawab. 
A specimen of polished marble, and two of polished igneous rock, paper-weights from 
Kathiawar. Fbbsbntbd by H. H. thb Nawab Sahab oi ^dnaoad, in Kathiawab. 
Specimens of uncat heliotrope from Kathiawar.* 

I’bbbbntbd bt thb Thakhb Sahab of Mobvi, in Kathiawab. 
Specimens of tin oxide from Singapore, and a specimen each of stalactite, atalagmite, and 
orysUl quartz, from Selangor. Pbesbntbd by Mbssbs. Ev»n and Co. 
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• ADDITIONS TO THE LIBRARY. 

Fbok 1st Octobeb i!o SIst Dbcbsibeb 1884 

lS,tlet of Boohs. Donors, 

Achbfohl, L .—Das Niederrbeiniscb-Westfalischo Stelnkohlengebirge. Lief. 10 and Snpple. 
ment. 4° Essen, 1883. 

ABGTtL, Duhe of. —^Tbe Unity of Nature. 2nd edition. 8" London, 1884. 

Babbois, Charles, —Recherchos sor les terrains ancicus des Asturies et db la Qalice. 4^ 
Lille, 1882. 

Bbbchbb, Charles if.—Ceratiocarida> from tbe Cbemung and Waverly Groups, at Warren, 
, Pennsylvania. 8° Pam. Harrisburg, 1881. Thk Authob, 

Beust, Fritz. —Untersncbung iiber fossile Holzer aus Gronland. 4“ Pam. Basel, 1681. 

Bbonb’s Klassen und Ordnungen des Thior-Rciclis. 

Band 2, Porifer^, Lief. 6. 

Band 6, Abtb. 2, Lief. 13-15. 

.Band 6, Abtb. 3, Rcptilien, Lief. 42. 8° Leipzig, 1884, 

Bbowbb, Hugh, JuHor, —The higher branch of Science, or Materialism refuted by facts. 8" 
Melbourne, 1884. Thb Authob. 

Chambebltn, T. C. —Hillocks of angular gravel and disturbed stratification. 8° Pam. 

' Now Haven, 1884. Thb Author. 

Cross, Whitman ; Chisolm Frederic F.; Chauveret, Begis ; Diest, P. II. van, —The 
Artesian WfiTs of Denver. 8“ Fam. Denver, Colorado, 1881. 

* The Authors. 

Doll:"*, L .—Note sur le Batracien de Beniissart. 8“ Pam. Bruxelles, 1884. 

Fenwick, Thomas, and Baker, Thomas. —Subterraneous surveying ‘ with and without the 
magnetic needle. New edition. 8° London, 1881. 

Foley, Felson. — \ pocket-book of coal and speed tables for engineers and steam-users. 
12" Ix)ndon, 1884. * 

Haeckel, Ernst. —A visit to Ceylon. 8° London, 1883. 

Habuman, Edward T. —Report on the geolegy of the Kimberley district. Western Aus¬ 
tralia. Fisc. Pcrfli, 1884. Comm., Cbown Lands. 

I1a*ushoE£R, E .—Franz von Kobell. Eiuo Deukschrift. 4" Pam. Munchen, 1884. 

ItCYAL Bavarian Academy. 

Hunt, Bobert, —British Mining ; a treati.so on tlie history, discovery, practical dcvelupmeut, 
and future prospects of luctallilerous mines in the United Kingdom. 8" 
London, 1884. 

Hyatt, Fossil Cephalopoda in the Museum of Comparative Zoology. 8" Pam. 

Cambridge^ Mass. 1883. The Authob. 

Kino, William, and Rownky, T. H, —An old chapter of the geological record with a new 
interpretation: or, rock mctamorpliisiu (especially ihe methyl<»ed kind) 
and its resultant imitations of organisms. With an introduction giving 
an annotated history of the controversy on the so-called “ Eozoon Cana- 
denso,” and an appendix. 8° London, 1881. • 

Kupffee, CarL—Gedldcbtnissredo auf Theodor L. W. von Biseboff. 4" Pam. Munchen, 
1884. • Royal Bavabian Academy. 

Mineral statistics of the Unij^ Kingdom of Great Britain and Ireland for 1882. Flso. Lon- 
donj 1884. Revenue and Agbicultubal Defabtmbnt. 

Mojrsisovics, E. V,; and Neumayb, M .—Beitriige zur Paliiontologie Osterreieb-Ungarns 
und des Orients. Biin^ 2, heft 1-2, and Band f, heft 1-2. 4" Wien, 1882 
• aud 1884 
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Mubbay, James A. J7.—A new English dictionary on historical principles, fonnded main¬ 
ly on the materials collected by the Philological Society. Fart 1. 
Oxford, 1884. 

NoxTLiira, Brits, —Die Entwickelung dor Trias in NiedcrschlesieQ. 8” Pam. Berlin, 1880. 

t* ThB AtJTHOB. 

„ UeherLituites litnus Montfort. 8° Pam. Berlin, 1882. 

Thb Attthob, 

„ Beitrag zar Systematischen Stellang des Genus Porambonites 

Pander. 8* Pam. Berlin, 1883. Thb Attthob. 

« Die Cambrischen und Silurischen Geschiebe der Provinzen Ost- 

nnd West-Preussen. 8” Berlin, 1883. Thb Authob. 

„ TTeber das Alter der samlandischen Tertiarformatlon. 8” Pam. 

Berlin, 1883. Thb Ahthob. 

„ Ueber diatomeenfuhrende SchiChten des west preussischen Diln- 

viums. 8* Pam. Berlin, 1883. The Authob. 

„ Bcitriige zur Kenntniss der Cephalopoden ans Silurgeschieben 

derProvinz Ost-Prenssen. 8® Berlin, 1884. Thb Authob. 

Faldontologie Pran^aise. l^serie. Animaux Inrdrtebr^s, Terrain Jurassiqne. Lirr. 71. S'* 
Paris, 1884. 

Peacock, M. A, —Saturated Steam, the motive power in volcanoes and earthquakes ; great 
importance of electricity. 2nd suppleme: t 8® London, 1884. 

The Ajthob. 

Phillips, J. Arihur,~^k. treatise on ore deposits. 8® London, 1884. 

Qcehstedt, Fr. Avg. —Handbuch der, PetrefaJktenkunde. Auflage 3, Lief. 17-18. 8® 
Tubingen, 1884. 

QoBkstbdt, Fr. .Att( 7 .~Petrefaktenkunde Deutschlanda. Band 7, Abth. 1, heft 6. With 
4® plates. 8° Leipzig, 1884. 

Beade, T. AfeWarrf.—Experiments on the circulatioL of water in sandstone. 8° Para. 

Liverpool, 1884, The Authob. 

Behbtieb, E. —J^tude gdologiquo but le nouveau projet de tunnel coudd traversant le 
massif du Simplon. 8" Pam. Lausanne, 1883. The Autqob. 

Boss, (Lieut.-Col.) W. A. -The Blow-pipe in Chemistry, Mineralogy, and Geology, contain¬ 
ing all known methods of anhydrous analysis, many working exam¬ 
ples, and instructions for making apparatus. 8® London, 1884. 

SCHHIDLIH, 6'.— The glacier garden, near the lion monument at Lucerne 8® Pam. Zurich, 
1876. H. B. Mbdlicott, Esq. 

Scott, M, J. —South Australia. Beport to Calcutta Exhibition Committee. Fisc. Adelaide, 
1884. H. J. Scott, Esq. 

Summaries of the reports of the Inspectors of Mines to 11. M.’s Secretai-y of State, and 
mineral statistics of the United Kingdom of Great Britain and Ireland 
for 1883. Fisc. London, 1884. ^ 

Bbvbnue and Aobicultubal Dbpabthbet. 

SwiBT, James. —The microscope and accessory apparatus: notes on the construction, selec¬ 
tion and use. 2nd edition. 8® London, 1883. The Authob. 

SzAJNOCEA, Ladislaus, —Zur Kenntniss der Mittcicretaciscben Cophalopoden-Fauna der- 
Inseln Elobi an der WeBt][U8te Afrika’s. 4^ Pam.* Wien, 1884. 

Thb Authob.- 

Taoobe, Sourindro MoKun. —Mani-Mala, or a treatise on gems. 2 Farts. 8° Calcutta, 
1879 and 1881. ' Thb Authob. 
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The Norwegian North Atlantic Expedition, 1876-1878. Zoology. Aateroidea, by D. C. 

Danielssen and Johan Eoren. 4” Christiania, 1884. Thb Gouhittbb. 
Thomson, (N»V) C. Wyville, and Mubbat, Jo^».->Beport on the scientific results of the 
, voyage of H. M.’s S. “Challenger” during the years 1873-76. Zoology, 
Vo\. 9, text and plates. 4° London, 1884. 

Secbbtab^ of Statb fob India. 
Watts, Senry .—Manual of Chemistry. Vol. 1, Physical and Inorganic* Chemistry. 8* 
London, 1883. 

Year-book of the scientific and learned SocietLs of Great Britain and Ireland: giving an 
account of their origin, constitution, and working. With appendix, com¬ 
prising a list of the leading scientific societies throughout the world. 
5th issue. 8” Loudon, 1884. 


PERIODICALS, SERIALS, &o. 

American Journal of Science. 3rd series. Vol. XXVTII, Nos, 165—167. 8* New Haven, 

1884. Thb Editobb. 

American Naturalist. Vol. IX, No. 9; Vols. XII to XVII; and XVIII, Nos. 8—10. 8* 
Salem and fiiLadolphia, 1875 and 1878—1884. 

Annalen der Physik und Chemio. Neue Folgo. Band XXIII, heft 1—3. 8® Leipzig, 1884. 
Annales dcs Mines. 8®* sdrio. Tome V, livr. 2—3. 8® Paris, 1881. 

.» , L’Admins. DBS Mines. 

Annales dcs Sciences Naturelles. 6"* sdrie. Botanique, Tome XVtII, Nos. 1—6 ; Zoologie, 
et Paldontologie, Band XVII, Nos. 1—2. 8® Paris, 1884. 

Annals and Magaztno of Natural Histoiy. 5"* series. Vol, XIV, Nos. 81—84. 8® London, 
1884. • 

Athenseum. Nos. 2968—^2980. ■ 4® London, 1884. 

Beiblatter zu den Annalen der Phygik und (Jhemie. Band VIII, Nos. 9—11. 8® Leipzig, 
1884. • 

Biolioth6que Universolle. Archives des Sciences Physiques et Naturelles. 3“* pdriode. Vol. 
XI r. Nos. 7—9. 8® Genfeve, 1884. 

Biblioth^qne Universolle et Revue Suisse. 3"* pdriode. Tome XXIII, No. 68 to XXIV, 
No, 70. 8“ Lausanne, 1884. 

Botanisches Centralblatt. Band XIX, No. 9 to XX, No. 9. 8® Cassel, 1884. 

Chemical Nows. Vol. L, Nos. 1294—1306. 4® London, 1884. 

Colliery Guardian. Vol. XLV.I1I, Nos. 1236—1248. Fol. London, 1884. 

Das Ansland. Jahrg. LVII, Nos. 35—47* 4® Miinchen, 1884. 

Geological Magazine. New Series, Decade III, Vol. 1, Nos. 9—12. 8® London, 1884. 
Geological Record for 1877 and 1878. 8® London, 1880 A 1882. 

Iron. Vol. XXIV, Nos. 609—621. Fol. London, 1884. 

Journal de Conchyliologie. 3"* sdrie. Tome XXIV, No. 2. 8* Paris, 188^*. 

Journal of Science. 3d series. Vol. VI, Nos. 128—130. 8® London, 1884 Thb Editob. 
StSBfS, Leopold. -Botanischer Jahresbericht Jahrg. IX,*Abth. II, heft 2. 8® Berlin, 1884. 
London, Edinburgh, and Du^n Philosophioal Magazine and Journal of Science, d*** series. 

Vol*XVIII, Nos. 112—115.* 8® London, 1884. 

Matdriaux pour T histotre primitive et naturelle de T Homme. 2®* ^drie. Vols. II—^V, VII, 
VIII, and X—XIII. 8>® Toulouse and Paris, 1872—1883. 

Mining Jouihal, with supplement. Vol. LIV, Nos. 2558—2571. Fol. London, 1864 
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Natursa Novitates* Nos. 16—22. 8° Berlin, 1884. 

Nature. Vol. XXX, No. 776 to Vol. XXXI, No. 788. 4'’ London, 1884. 

Neues Jalirbucli fiir Miueralogie. Geologie und Fuleoontologie. Jahrg., 1884, Band II, heft 
3. 8“ Stuttgart, 1884. 

Palaeonlographica. Band XXXI, Lief. 1-2. 4“ Civssol, 1884. 

Petermann's Geographischo Mitthcilungen. Band XXX. Nos. 9—11. 4" Gotha, 1884. 
Profeasional Papers on Indian Engineering. 3rd series. Vol. II, No. 7. Else. Roorkee, 1884. 

Thomason CoLLGais or Civil Ehginbkring. 
Quarterly Jouitial of Mioroscopical Science. New senes. Vol. XXIV, No. 96. 8° London, 
1884. 

Zeitschrift fiir Naturwissenschaften. Folge 4. Band III, heft 4. 8“ Halle, 1884. 


GOVERNMENT SELECTIONS, REPORTS, &c. 

Assam. —Report on the adminisiration of the province of Assam, for the years 1874-75 and 
1876-76, 8** Shillong, 1877. Chief Commissioner of Assam. 

Bengal. —Report on the administration of Bengal, for 1880-81 to 1882-83. 8° and Fisc. 

Calcutta, 1881—1884. Government of Bengal. 

„ Selections from the records of the Government of Bengal. No. 46. Fisc. Calcutta, 
1873. Government of Bengal. 

„ The Quarterly Bengal Army List for October fst. 1884. New series. No. 90. 

8“ Calcutta, 1884. Government Printing 6ffice. 

Bombay. —Gazetteer of the Bombay Presidency. Vol. VIII. 8*" Bombay, 1884. 

Bombay Government. 

„ Watson, Major J. IV. — Statistical account of Bhdvnagar. (From Bombay G.*tzet- 
teer.) 8“ Bombay, 1878 and 1880. • F. Feddbn, Esq. 

„ Watson, Major J. W. — Statistical accbiint of Nawdnagar. (From Bombay 
Gazetteer.) 8“ Bombay, 1879. F. Febden, Esq. 

Central Peovinces. —Report on the administration oi the Central Provinces for 1883-84. 

Fisc. Nagpur, 1884. Chief Commissioner, Central Provinces. 

Tnpia. —Annual statement of the trade and navigation of British India with foreign 
countries, and of the coasting trade of the several presidencies and pro¬ 
vinces, in the year ending 31st March 1884. Vol. I, No. 18, Foreign 
trade; and Vol. II, No. 18, coiisting trade. 4° Calcutta. 1884. 

Government Printing Office. 

„ O’CoNOB, J. i^.—Review of the accounts of the sea-borne foreign trade of British 
India, for the year ending 31st March 1884. Fisc. Simla, 1884. 

Department of Finance and Commerce. 

„ Indian Meteorological Memoirs. Vol. II, part 3. 4° Calcutta, 1884. 

Meteorological Reporter to Covebnment op India. 

„ Meteorological observations recorded at six stations in India in 1884, reduced 
and corrected. April and May 1884. 4’’Calcutta, 1884. 

Meteorological Reporter to Government of India. 

„ Report on the administration of the Meteorological Department of the Government 
of India in 1883-84. 4° Calcutta, 1884. 

MBTEOBOtibOICAL REPORTER TO GOVERNMENT OF INDIA. 

„ List of civil pfficera holding gazetted appointments unddr the Government of 
India in the Home, Legislative, and Foreign departments, as it stood on 
the 1st July 1884. 8” Calcutta, 1884. Home Oepartment. 
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India. —Report on the administration of the Persian Qulf Political Residency and Muscat 
Political Agency for 1883-81. Fisc. Calcutta, 1881. 

Fobbion Dbfabtuxnt. 

Ma DBAS.— Administration report of the GoTernmont Central Museum, Madras, for 1883-84. 
*aFlsc. Madras, 1884. 

Sdfbbintbndbnt, Govbbnmbnt CbntbaIi Musbdh, Msdbas. 
„ Administration report of the Meteorological Reporter to th« Government of 
Madras for 1883-81. 8° Madras, 1884. 

MBTEOttOLOniCAD EeFOBTEB TO GOVEBNHBNT OF MaDBAS. 
N.-AV. Pboyinces —Report on the administration of the Northern India Salt Revenue 
Department for 1883-81. Fisc. Agra, 1884. 

Couuissionbb, Nobtebbn India Salt Retbnde. 


TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES. SURVEYS, &c. 


Amstbbdam. —Jaarhoek van het Mijnwes»n in Nederlaudsch Oost Indie. Jahi^., XIII, 
pt. 1. 8° Amsterdam, 1884. 

Eevendb and Agbicdltueal Dbtabtmbnt. 
Beblin.— Abhandlnngen der Koniglichen Akademie der Wissenschafton. 1872—1878, 
4* Berliii*l873—1879. 

„* Zeitschriit der Ueutsebeu Geologischen Gcsellschaft. Band XXXVI, heft 2. 

• 8° Berlin, 1884. , The Society. 

Boloqna. —Memorie della Accademia delle Scicnze dell’ Istituto di Bologna. 1th series 


•Vol. IV. 4“ Bologna, 1882. 


ThB iNSniDTE. 


Bbussels.—B uH<*tin de la Socidte Royale Beige de Gdographie. 1884, Nos. 3—4. 

8“ Bruxelles, ISBJL The Society. 

Budapest.—Faekass, Robert . —livtalog der Bibliothek und Allg. Kartensammlung der 
Kon. Ungar. Geologischen Anstalt. 8° Budapest, 1884. 

The Institute. 

• „ Fbldtani Kdzlony. Kotet XIV, fiizet 4—8. 8'’ Budapest, 1884. 

The Institute. 

„ Jahresbericht der K. U. Geologischen Anstalt fiir 1883. 8“ Budapest, 1884 

The Institute. 

„ Mittheilungen aus dem Jalirbiiche der Kon. Ungarischen Geologischen Anstalt. 

Band III, heft 1-4 8* Budapest, 1874-1879. The Institute. 

Buenos Aibes. —Boletin de la Academia Naciuual deCieuclas. Tomo VI, No. 1. 8" Buenos 
Aires, 1884. The Academy. 

Calcutta. —Catalogue of the library of the Asiatic Society of Bengal, by Walter Arnold 
Bion. 8° Calcutta, 1884. The Society. 

„ Journal of the Asiatic Society of Bengal. New series. Vol. LIU, part 1, 
No. 2, and part 2, No. 2. 8" Calcutta, 1884 * The Society. 

Proceedings of the Asiatic Society of Bengal. Nos. 7—9. 8° Calcutta, 1884. 

• The Society. 

„ Memoirs of tl^ Geological Survey of India. VoL XXI, part 1. 8” Calcutta, 1884 
’ • Geological Subvby op India. 

* n Palteontologia Indica. Series X, Vol. Ill, parts. 3—4 and XIII, Vol. 1, part 4 
(fasc. 4). 4” London and Calcutta, 1884. * 

• Geological Subvby oe Indu. 
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CAtcvTTX .—Eocords of the Geological Survey of India. Vol. XVII, part 4. 8“ Calcutta, 1884. 

GsoLoaiCAt SusvET OF India. 

„ Survey of India Department. Notes for August to November 1884. Fisc. 

Dehra-Dun, 1884 of India, 

Cambmdob, Mass.—B ulletin of the Museum of Comparative Zoology. Vol. XI, No. 10. 8* 

Cambridge, 1884. Mubedm of Compabative Zoology. 

„ c Memoirs of the Museum of Comparative Zoology. Vol. IX, No. 3. 

4* Cambridge, 1884. Mpseom of Cosipabativb Zoology. 

CoPBNHAOBN.—Mdmoires de I’Acaddmie Ro^'ale do Copenhague. 6“® sdrie. Vol. II, 
Nos. 6, 9, and 10. 4“ Copenhague, 1884. < The Acadkhy. 

„ Oversigt over det Eongelige Danske Videnshabemes Selskabs. No. 2. 8° 

Kjobenhavn, 1884 The Acadbuy. 

FbanbfubT'A-Main.—A bhandlnngcn dcr Senckenbcrgischen Naturforsohenden Gesellscbaft. 
Band XIII, heft 3—4. 4® F’rankfurt-a-Main, 1884. 

Glasgow. —Glasgow University Calendar for 1884-85. 8“ Glasgow, 1884. 

The Univeesity. 

„ Proceedings of the Philosophical Society of Glasgow. Vol. XV. 8® Glasgow, 
1884. The Society. 

IIalle. —Abhandluugen der Naturforsohenden Gesellschadb zu Hallo. Band XVI, heft 2. 

4° Halle, 1884. The Society. 

„ Bericht iiber die Sitzungen der Naturforschendle Gesellschaft zu Halle, im 
Jahre 1883. 8° Halle, 1884. The Society. 

Li^ob.—C atalogue des ouvragcs dc gdologie, de mindralogie et de paldontologie ainri quo 
des cartes gdologiques qni so trouveiit dans les principales bibliothhques 
de Belgique, par G. Dewalque. 8® Lidge, 1884. 

The Society. 

Liverpool. —Proceedings of the Liverpool Geological. Society. Vol. IV, parts. 8® Liver¬ 
pool, 1884. The Society. 

London. —Catalogue of the specimens illustrating the osti^ology and dentition of vertcbrated 
animals, recent and extinct, contained in the museum of the Royal 
College of Surgeons of -England. Part 2. Class Mammalia, other than 
Man, by William Henry Flower and John George Garson. 8® London 
1884. 

„ Journal of the Anthropological Institute of Great Britain and Ireland. Vol. XIV, 
No. 1. 8" London, 1884. 

,, Journal of the Iron and Steel Institute. No. 1,1884. 8® London, 1884. 

The Institute. 

„ Journal of the Linnean Society of London. Vol. XVII, Zoology, Nos. 101—102; 
Vol. XX, Botany, Nos. 130—133. 8® London, 1883-1884. 

« The Society. 

,, List of Fellows of the Linnean Society of London, October 1883. 8® London, 
C883. The Society. 

„ Proceedings of the Linnean Society of London, from November 1882 to June 
1883. 8® London,4883. The Society. 

„ Transactions of the Linnean Society 2"'* series. Zoology, parts 9—10, 

and Vol. Ill, part 1, "W)!. II, Botany, paiis 6—7. 4° London, 
1883—1^84. . • The Society. 

„ Journal of the Royal Asiatic Society of Groat Britain and Ireland. New series. 

Vol. XVI, part 4 8® London, 1884. Society. 
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TitlM of Bookt. Donon, 

Ik>NPoir.-*Li8t of Fellows of the Boyal Society of London for 1883. 4f London, 1884. 

Ths Societt. 

„ Philosophical Transactions of the Boyal Society of London. Vol. 174, parts 2<3. 

4® London, 1883. ’ The Societt. 

„ Proceedings of the Boyal Society of London. Vol. XXXVI, No. 281, ahd 
Vol. XXXVII, No. 232. 8® London, 1884. The Society. 

„ Jonmal of the Society of Arts. VoL XXXII, Nos. 1660—1Q73. 8® London, 
1884. The Society. 

„ List of Fellows, &c., of'the Zoological Society of London, corrected to June Ist 
1884. 8®, London, 1884. The Society. 

„ Proceedings of the Zoological Society of London for 1884. Parts 2 and 3. 8® 
London, 1884. The Society. 

■ „ Mineralc^cal Magazine and Journal of the Mineralogical Society. VoL VI, No. 
27. 8® London, 1884. 

„ Proceedings of the Boyal Geographical Society. New series. Vol. VI, Nos. 8—10. 

8® London, 1884. The Society. 

„ Quarterly Journal of the Geological Society. Vol. XL, part 3, No. 159. 8® 
London, 1884. Geoiooical Society of Lohdoh. 

Madbid.— Boletin de la Sociedad GoograAca de Madrid. Tome X, No. 4, and XVII, Nos. 

1—3. 8® Madrid, 1881 and 1884. The Society. 

Manchesteb. —Memoirs of th^ Manchester Literary and Philosophical Society. 3rd series. 

Vols. VII tnd IX. 8® Manchester, 1882—1883. The Society. 

•„ Proceedings of the Manchester Literary and Philosophieal Society. Vols, 

* XX—XXII. 8® Manchester, 1881—1883. The Society. 

„ Transactions of the Manchester (Seological Society. Vol. XIII, part 11; Vol. 

•XIV, parts 17—22; and Vol. XV, parts 1—2. 8® Manchester, 1876—1878. 
„ Tr<‘iuBactions of the Manchester Geological Societ}*. Vol. XVIII, parts 1—2. 

8® Manchester, 1^34. The Society. 

MeIiBOTTBEB.,—G eological Survey of Victoria. Beport of Progress by the Secretary of 
Mines. No. Vll. 8° Mdbourne, 1884. 

^ Geological Subvey of Victobia. 
• ,, Beports of the Mining Begistrars for the quarter ending 30th September 

1884. Fisc. Melbourne, 1884. Depaktmewt ok Mines, Victobia. 
Moscow.— Bulletin de la Socidtd Impdriale des Naturalistes de Moscou. Tome XXXIV, 
Nos. 2 and 4. 8° Moscou, 1861. 

Munchen.— Abhandlungen der Math..Pby8. Classe der Kouiglich Bayerischen Akademie 
der Wisseuschaften. Band XV, Abth. 1. 4° Munchen, 1884. 

The Acapehy. 

„ Almanoch der Koniglioh Bayerischen Akademie der Wissensobaften fiir das 
Jahr 1884. 8® Munchen, 1884, The Acapbhy. 

„ SitzuDgsberichte der Math.<Phys. Classe der Eoniglich Bayerischen Akademie 
der Wissenschaften. Band XIII, heft 3, and XIV, 1. 8® Miinohen, 
1884. • The Acapeky. 

Nbpchatbp. —Bulletin de la Socidtd des Sciences Naturelles de Neuohatal. Tome II and 
III. 8® Neuohatel. 1846—1853. • 

NewcastlE'PFOK-Tynb.— ^ansactions of the North of England Institute of Mining and 
Mechani^l Engineers. Vsl. XXXIII, part 6. 8® Newca8tle*apon*Tyne, 
1884. The Institute, 

Paris.—B ulletin de la Socidtd G^logiqi^e de France. S’*" sdrie.* Tome XI, No. 8, and XII, 
* No, 7. 8 * Paris, 1^. The Society. 
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Pabis.—M^ moires de la Soci^td Gdologiqne de France. 3°^ sdrie. Tome 111, No. 2, 4* 
Paris, 1884. The Socihtt. 

Philadelphia.— Journal of the Franklin Institute. 3rd series. Yol. LXXXVIII, Nos. 

3—6. 8“ Philadelphia, 1884. The Institute. 

PidA.—Atti della Societa Toscana di Scienze Natural!. Memorie. Yol. Y, fasc. 1. 8° 
Pisa, 1881. The Societt. 

„ Atti dells Societa ^Toscana di Scienze Natural!. Process! Yerbali. Yol. I, pp. 

9-24; Yol. II, pp. 241—288; Yol. Ill, pp. 93—162, 173—236, and 
263-272; Yol. lY, pp. 71-^124. 8“ Pisa, 1878—1884. The Society. 
St. Peteesbubg.— Memoircs de L’Acad^raie Itnpdriale des Sciences de St. P^tersbourg. 

7mo serie. Tome XXXI, Nos. 15-16, and Tome XXXII, Nos. 1—3. 
4® St. Pdtersbourg, 1883— 1884. The Academy. 

Sydney. —Journal and Proceeding.^ of the Roj’al Society of New South Wales. Yol. XYII. 

8® Sydney, 1884. ‘ The Society 

Tokio.— Transactions of the Scismological Society of Japan. Yol. YII, part 1. 8° Tokio, 
1884. The Society. 

Tobino. —Atti della R. Accademia delle Scienze di Torino. Yol. XIX, Nos. 6—7. 8® Torino, 
1884. The Academy. 

Tobonto.— Proceedings of the Canadian Institute. Yol. II, No. 2. 8® Toronto, 1884. 

The Institute. 

Yienna.— Das K. K. Hof-Mincraliencabinet in Wien, die ;^;schichto seiner saminluugen 
und die plane fiir die neuaufstellung derselben in dem K. K. nat^urhis. 
torischen hofmuscum, von F. von Ilocbstetter. 8® Wien, 1884. ^ 

, The Authob. 

„ Yerhandlungen der K. K. Goologi.schen lleichsanstalt. Nos. 13—15. 8® Wien, 
1884. ' The Institute. 

Washington. —Smithsonian Miscellaneous Collections^. Yol. X. 8® Wasbiiigton, 1873. 
Wellington. —Colonial Museum and Geological Sur-"ey of New Zealand. Reports of 
geological explorations daring 1883-81. 8® Wellington, 1884. 

Geological Subvey of New Zealand. 
„ Meteorological Report, 1883; including returns for 1880 to 1882, and 

averages for previous years. 8® Wellington, 1884. 

Geological Subvey op New Zealand. 
Yokohama. —Mitthcilnngen der Dcutschen Gesellschaft fiir Natur-und Yolkerkunde Osta- 
siens. Heft 31. 4® Yokohama, 1884. The Society. 

Januai'y 28th, 1885. 
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in a waj unlike any other rocks in this neighbourhood. The conglomerate merely 
differs from this by having the milk-white quartz pebbles of larger size, but still 
retaining their slight angularity. At one place near Aldabou I found a variety 
containing limestone pebbles in addition to those of quartz. Besides becoming 
conglomeratic in parts, this same grit, in nearly every section I have seen, lias at 
one horizon, generally near the base, a calcareous element, ■vvhich,*entering into the 
composition by small instalments in the more eastern parts of the area under 
consideration, becomes more pronounced on the northern flanks of the Dhalniya- 
ka-danda, the ridge at Gajwara, and genq^ally in' the direction of the T&l lime¬ 
stone, with which it ultimately coincides. T]>o grcjiter or less quantity of 
lime present has not, however, destroyed its marki'd external npjiearance; in every, 
locality it shows up as an indigo-black rock, very oficu forming a scar]) some 30 or 
40 feet high. It is never pure limestone, but always shows the ble1).s and grains 
of quartz ; even where the limestone is most crystalline these can always be detect¬ 
ed outside in relief, whilst the finer particles have become nuclei for oolitic grains 
which soinetimos crowd the rock. This is the fossiliferous bed, and it has an aver¬ 
age thickness of not more than 50 feet. 

In an upward direction tho coarse grit, bearing its limestone and conglomer¬ 
ates, passes by insensible gradations into a compact massive quarteite, white, or 
faintly tinged with violet. This has a large, but unkngwn, thickness. To the east- 
south.east at Chaprait (sheet No. 8), and the higher hitis north, it is seen in force, 
but beyond I have not yet had time to trace it. ^ 

Though in the future, when the fossils are identified, this rock may foim a 
horizon from which to reckon beds stratigraphically asso¬ 
ciated with it, at present it is well rather to speak of it in 
terms of the formations above and below it, and more especially as the overlying 
one, a massive blue-grey limestone, has already a* very probable equivalent in the 
Krol limestone. > 

But to commence with those beneath it. They are purple and green slates and 
an angular volcanic ash or bi'eccia. From their invariable 
nearly vertical bedding it was some time before I decided 
which was the upper. At length a section in the Khoban river gave me the clue: 
there the ashes slack off their high northerly dip, and above them the purple and 
green slates arch over to the south, and helped by a fault, cover them in entirely 
for a short distance. This note does not profess to enter into details with regard 
to these beds. It is enough at present to say that they must have very great 
thickness, reckoned probably by miles; that the volcanic breccia is itself, certainly 
in places, a mile thick without any impor^nt constituent change; that though 
undoubtedly volcanic in origin, either direct or indirect, it possesses veiy few frag¬ 
ments of igneofls rocks; nor is it associated with any outpourings of lava, nor 
with igneous intrusions, of which I have seen none in this area. Of the purple 
and green slates, it suffices here to say that they are very uniform until K41ogarhi 
mountain is approached. The mass of that height is Chtj* gneiss; ^ and from what¬ 
ever cause, tho slates on approaching it f>ecome altemd in two modes—they level 


Strnti^rapliy. 


Beds below. 


' An intrusive rock. 
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out dipping only slightly towards the mountain on«ll sides, and they at the same 
time become schistose, schists, and garnetiferous schists. 

It is now neccssarj to say what is the relation between the fossiliferous beds 

tteintion of tlio fossiK- tliO',0 underlying slates and ashes, and also to fix some 
ferouB beds to (Iioeo be< few definite localities. To this end the section up the 
* Mtnnhil n\ cr, and on the ridge west of it, in the neighbour¬ 
hood of Dobi'iah, is absolntely eoneliisive. That in the river bed from near 
Dhamdbar to Jurnri exhibits nothing but the ashes striking about east and west, 
the strata cither vertical or inclined .at angles of 80° and 70* either one way or the 
other. N ot a yard of the ^•‘'taneo is unexposed. The lower parts of the ridge from 
Dhargaon to near Cliaprait are tho same both on its east and west sides. But the 
uutnerons summits into which tho ridge has weathered are all formed of an approx¬ 
imately horizontal capping of the pebbly grit with a calcareous lower bed. At 
this place, however, the lime* in the rock is not abundant, nor did I get fossils, 
though they may nevertheless bo there, for my find was subsequent to mapping 
this pai t, and I was not specially on the look>out for them. 

If more evidence for the marked unconformity between those two series were 
wanting, it is found in the further extension of the pebbly grit and calcareous 
band along tho ridge. At a point almost due west of Dhdmdhar, where is a gap 
over into the Haldgadi ri^r, they rest on the prfrple and green slates, which are 
etriki]^ east and west witli a nearly vertical dip similar to the ashes. 

Hero too it is seen that they underlie the massive blue-grey limestone which 
Forms tlie top of Dhargaon. From Dhargaon a tolerably 
ouSatotho^riim well-defined ridge rnns west-north-west up to the Kote- 

dwar glen cut through at intermediate places by the 
Haldgadi and Palain rivers. Its formation is tho same throughout as at Dhar¬ 
gaon, with a slight exception: the north fiauks have always tho pebbly grit, with 
its calcareous band below and quartzites above in a continuous exposure dipping 
at 30® or 4K)® south-south-west,* whilst the summit and southern flanks have the 
superposed massive limestone, which is cut off to the south by the main bound¬ 
ary fault letting in the later tertiary sand-rock. The exception is near tho 
Kotedwar glen north of Aldabou, where the limestone, having gradually lost 
its hold on tho ridge summit and become confined to the southern slope, is at 
last entirely cut off by the main boundary fault. Of course it must not be sup¬ 
posed that there are no slight disturbances affecting these relations : at Gajwara 
inveraions of the fossilifeiVius beds complicate matters a little; but on the whole 
the steady strike and the absence of important structural faults render the 
sequence perfectly intelligible, notwithstanding the violent contortions and the 
heavy jungle which clothes tho hills. 

It is now necessary to return eastward of Dhargaon for ail exposure of im¬ 
portance. Just as in a westward direction the limestone was gradually lost by 
the strike of the beds and the strike of the iftain boundary fault meeting near 
Aldabou, so eastward, on account of tbeir divergence, the south edge of the 
limestone becomes free at Jhirt, and is seen to lie not upon tbe pebbly grits but 
upon tbe pur^de and green slates. This evidence so far b|i it goes argues an un- 
conformable position for the limestdne ; but it might not bo so; the fossiliferous 
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beds might, being conformable dio the limestone, have thinned out; and this would 
indeed be plausible were it not for the great thickness which the quartzites attain 
north of Chaprait and JAmri, making it almost incredible that they could have 
thinned away to nothing in a distance of only 3 or 4 miles. 

•We have now seen that the fossil-bearing series lies in certaih places uncon- 
formably above a set of slates and volcanic ashes, and unconformably beneath a 
massive blue-gi-py limestone of Krai type. 

But besides these local associations, there is another important one, viz., the 
association with tfie nummulitio shales and limestone. 
bJ^'**'**”" eocene latter beds have been found .up to date as far east as 

the Bodli-ka-sot, a tributary of the Palain river, where they 
lie, much folded, on the purple slates, and at several inteimodiate plac'>s between 
there and the Banda ridge. In consequence of the massive limestone series hsving 
' vanished at Aldabou, the foimei’ly subjacent fossiliforous beds have, in a westerly 
direction, their surfaces at liberty for still higher beds to occupy. Hence they 
become in this direction covered partially or wholly by the nummulitic clay- 
shales. Both series have indeed become in many places almost inextricably con¬ 
fused ; for, stai'ting probably with an uneven bottom for the ti’anquil deposits of 
the nummulitio sea, they have since been crushed together, causing the one to bo 
displaced bodily, and the other' to give by imperccpt’ljlc folding and squeezing ; 
whilst subsequent to all this, denudation has acted with a similar partiality, and 
land-slips have completed the ruin. For this reason it will bo better to consider 
the two together in what I have fnrtlier to say about them. 

In the Kotedwar glen due north-north-west of Aldabou the main boundary 
fault of the usual reversed type cuts into the strata. North ff it after some 
crush-rock and purple beds come the quartzites And calcareous beds vertical, and 
mnniiig as a minor ridge up to Umrcla, beyond which in a gap in the ridge 
south-south-east from ChaiHikh they dip n<. a rat mr low angle to the north-north¬ 
east, forming part of a synclinal curvq, which again brings them to the surface 
with an opposite dip higher up on the ridge about 1 mile from Charekh summit. 
Below in the stream west of the ridge their continuous outcrop can be seen. 
Towards the Kotedwar glen the northern outcrop of this trough of the fossilifor¬ 
ous beds becomes lost, rc-appearing again in the Kotedwar stream as a thin bed 
dipping south at the point where the Muhilra and Kotedwar sti-eams join. In 
this iiTegular broken-edged trough the nummulitio beds lie folded in a steep 
synclinal. They are very well exposed in the main ‘stream, the Nummulitio 
limestone striking west-north-west along the mile reach between the points where 
the Umrela and Mubdra streams flow into it? It is however impossible to realise 
this on the map, owing to this i*each being erroneously drawn north-east and 
south-west. 

The next point where these bcd<4 arc seen is in the Sour glen, due west of 
Oaira and up the slope of the ridge north of Simalna. The trough has here lost 
its regularity, the calcareous beds and quartzites dip dfc 65** south-south-west in 
the Sour sti'eam, climb the side-ridge towards Narai, and appearing here and 
there on the main ridge couth of this return down the Simalna side-ridge. In tho 
intervening side stream north of Simalna, anU as pockets and films here and there 
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on the adjacent slopes, are placed the nummulitic olajs and clajej shales.' The 
main boundary fault is immediately south of Simalna. On the main ridge due 
north-north-west from Simalna a small peak displays a good section of the quart¬ 
zites above and the calcareous beds below: dip north-north-west 40*. 

In the bay*between this peak and Shalni there is a great film of nummulitic 
beds which a surface land-slip distinctly i-evealed dipping down hill steeply. On 
getting out of this bay on to the Sh41ni ridge .all the nummulitjps were left be¬ 
hind except some few beds ai’ound the village itself. 

On visiting the ridge north-west of .Banas-talla, in order to join my work with 

Coincidence of fossili- * Oldham’s, I found, as I expected, that the TAl lime- 
ferons bed with MaudhA- stone series, classified by him as Mandhalis,^ are the 
. lis of fiaado ridge. identical calcareous and sometimes conglomeratic grits 

and quartzites from which I have obtained recognisable fossils. 

It is interesting.to note in passing that so entirely have the nummulitics in 
this easterly direction retained their Sabathu character that the pisolitic iron-ore 
of the bottom bed besides being present near Syair is vouched for in the Sour and 
Kotedwar glens by loose fragments with grains somewhat larger than a pea. 

I do not propose to do more hero than put these few facts on record. Though 
the somewhat extraordinary positions of the eocene beds offer scope for theorising 
and certainly must have ijjuportant bearings in elucidating the mode of building 
of the Himalaya, I think it better to await furiher information in the same 
direction. 


Kota on the pi-dbable age of Mandhali series in the Lower Himalaya, hij 
R. D. Oldham, A.R.S.M., Geologiml Surveg of India. 

That tho discovery of rocognisablo fossils in Himalayan beds, recorded above 
by my colleage Mr. C. S. Middlemiss, .will be of great value in establish¬ 
ing the ago of at least ono member of tho Himalayan sequence, and in giving us 
a horizon to work from, cannot be doubted. But as in the meanwhile the 
acceptance as final of my ascription of the Tdl bods to the MandhAli series 
might lead to misapprehension and confusion which would take long to pass away, 
I shohld wish to put tho following explanation on rocord. 

My identification of the Tal beds with the Mandhdli series rested entirely on 
the discovery among tho* former of a bed of limestone conglomerate cemented by 
a limestone matrix, very similar to the one of most imporiant members of tho 
series as exposed at Mandhali in Jaunsdr Bdwar. 

But the really characteristic feature of the Mandhali series is the occurrence 
of beds composed of a fine-grained matrix through which fragments, generally 
angular or subangular, of .rock ai'e scattered, the whole suggesting that the agency 
of floating ice was concerned in its formation. * 

No bed of this type w€s seen by me among the Tdl beds, nor does my colleague 
mention the ocoupence of any such bed in the area examined by him ; and as the 

Q X Supra, XVII, p. 161. See also the paper following the present one. 
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age he assigns to the T&l beds differs from that ^hieh on independent grounds 
I am inclined to ascribe to the Mandh&li series, it will not be safe to accept the 
two as equivalent. 

As mentioned above, the general appeamnec of the cliai’acteristic member of 
he Mandhdli series and of the very simihiv IBInitii conglomerate is that of an 
indurated boulder clay. In the latter case the reseinbinneo has been noticed by 
other observers, ^d during the last working season a pebble was extracted from 
the Blami conglomerate which showed very distinct striation similar to that 
generally attributed to glacial action. Though this corroborative evidence has 
not yet been obtained in the case of the Mandhdli conglomomte, it very pi-obahly 
is also of glacial origin. 

I have elsewhere expressed an opinion that these old glacial boulder clays are 
of groat valxie in determining the homotaxy of the beds among which they occur, 
and that they are at present the only means by which it can be determined with 
anything like absolute accuracy. But whether or no this opinion will bear tho 
test of subsequent examination, there can be no doubt that between neighbouring 
areas the method is perfectly valid, and we may take it as practically certain that 
when the glacial boulder clays of Talchir ago wore being deposited in what is 
now the peninsula of India, glacial conditions must have obtained over what are 
now the Himalayas. 

In the beds of the Himalayan sequence then) are throe distinct horizons at 
which similar beds are found, viz,, (1) the Mandhuli, (2) tho Blaini, and (3)^ the 
Panjdl conglomeratic slates. Of these, the two last named are so low in tho 
series that their contemporaneity with the Talchire is practically out of the 
question; there remains only the Mandhdli coTiglomerato which we may there¬ 
fore take as most probably the equivalent of the Talchir beds of India. 

But tho Talohirs are at tho latest of triassic ut the earliest of ca|rboniferous 
and probably of permian ago as judged by Eurui)ean standards; and we must 
for the present refrain from finally idqntifyng beds which are very probably of 
the .sfime nge with other beds containing such a characteristically mesozdic 
fauna us is described by Mr. Middlemiss. 


Kok‘ on a second species of Siwalik Camel (Camelus antiquus, nobis (ex Falc. and 
Caut. M. S.), by R. Ltdbkkeb, B.A., F.G.S., &c. 

* I 

In their original notice of Oamelm sivalensis, Falconer and Cautley^ so id 
they had evidence of a second and smaller spicies of the genus from the Siwaliks 
which they proposed to call G. antiquus; but in the subsequently published plates 
(Hos. LXXXVI to XO ) of the “ Fauna Antiqua Sivalensis ” all the remains are 
figui'ed under the former name. A recent examination of the specimens in the 
British Museum has convinced mn that the original view is in all probability 
correct. ^ 

Camelua sivalensis is a large species characterized by the rugose enamel of 
the teeth, the flatness of the inner walls of the lower true molars, and the 

' l^de ' Fnlconer’s Pnlsontological Vemoirs,' Vol. J, p, 231. , 
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long, slender, horizontal ramus of the mandible. The second species, ioT which 
I propose to revive the M. S. name of 0. mtiquua, is of smaller size, has a short, 
deep mandible, perfectly smooth enamel to the teeth, while the inner surface 
of the lower true molars is concave, and in its upper half is divided into two 
equal portions •by a median vertical ridge, totally wanting in 0. sivalen^,^ 
and the existing* camels. The specimens in the British Museum which can be 
referred to the new species are a maxillft, No. 16347; a young cranium, 
No. 40562 (“ P. A, S.,” pi. LXXXVI, fig. 2) j part of a mandible, No. 16165 
(“ P. A. S.,” pi. LXXXVII, -fig. 5) : another fragment of the mandible. No. 
40568; and the greater part of a right ramus. No. 39599, with the teeth 
broken. At least one fragment of a mandible in the Indian Museum belongs to 
the same species. 

I may also observe that both species of Siwalik camels are characterized by 
having the vertical ridge at the antoro-external angle of the lower true molars 
which occurs in Awhenia but is absent in the existing camels. Both fossil species 
have the adult dentition numerically the same as in the existing ones; but at 
least one of them is distinguished by having the full complement of milk>molars 
in both jaws, viz., M. M. The cervical vertebroe of the larger Siwalik camel are 
in some respects intermediate between those of the living camels and Awhenia. 


SomC' further notes on the Geology of Ohamba. By Colonel C. A. McMahon 

P.G.S. (With a plate and map.) 

A * 
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PART I. 

DESCaiPTION OF A PORTION OF THE CHAMBA ABBA PREVIOUSLY UNDBSCRIBBD. 

In detailing some observations in the field made during the autumns of 1883 
1884 I think the most convenient plan will be to note them in the order of the 
places visited. 

I proceeded in a northerly^ direction from Oalhousie to Bhale (BaJai) and 
Manjir (Manjere), and thence to Bhdndal (Baundal). This section has already 
been described in a previous paper, and only a few additional observations will 
now be made. 

# 

> In the * PalcDontoIogia Indica/ ser. X, Vol. I, p. 61 (43), 1 gave those points as being 
characteristic of the molars of C. sivalsnsit, not being then able t# notice the difference from 
typical BpecimeiiB in those I bad before mCiA 
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There ie a superficial appearance of bedding in the outcrop of the “ outer 
band of gneissose granite, but I think it is only due to irregular jountiug. The 
joints that run in the direction of pseudo-foliation are not continuous, but die out 
or run into each other. 

Along the southern margin of the itmer band of gneissose-grqnito the slates 
in contact with it ore indunited, and I noted a small vein of granite intrusive in 
the slates near the swing bridge (“ jhula ”) under Bhale. 

On the northern margin of this outcrop of the gneissose granite, I observed 
some mica schists next the granite, but ^ examination of thin slices under the 
microscope has satisfied me that they belong to the margin of the granite itself. 
I can discover no essential difference, save in macroscopic aspect, between these 
schists and the gneissose granite. There is nothing surprising in the fact that 
the margin of the intruded sheet in contact with the slates should have assumed 
a specially schistose aspect. 

In a previous paper I described the narrow outcrop of the gneissose granite 
below Bhale. I have now examined seveml slices made from specimens taken 
from the sides, middle, and intermediate pai'ts of the sheet, and the result is to 
confirm me in my belief in its eruptive character. No points of difference exist 
between it and the Dalbousie gi’anite, and it reminds me in particular of slice 
No. 16, described at page 132 of my paper in Vol, XVI of the Records.. These 
specimens exhibit beautiful illustrations of the sort of iluxion structum detailed 
in my description of the Dalhousie specimens. The flowing lines of cryptd-Crys- 
talline mica and of microlites do not at all suggest to my mind the appeamnee 
presented by foliated metamorphic rocks. 

The orthoclase is much cracked and crushed; and the muscovite, which is in 
large crystals, is oriented in all directions, and «appeara to have boon abundantly 
crumpled and compressed. 

The minerals contained in the i-ock are the same as those in the Dalhousio 
specimens, though the mici'ocline is sparse. 

There are liquid cavities, with movable bubbles in the quartz, but they are 
much more abundant in the garnets, which probably crystallized at an earlier 
epoch, before the last phase of intrusion commenced. Inclusions have deposited 
mineral matter on cooling, and gas pores are associated with granular mineral 
matter. ' 

The slates between the inner and outer bands of gneissose granite, in this 
section, are very micaceous, and at Bhale they are decided mica schists. 

Between the northern boundary of the inner band of gneissose granite and 
Maujir, the succession appears to be as follows—micaceous slates; mica schists; 
slates; micaceous slates; slates; micaceous slates; slates. 

I think in this section the Simla slates are folded up with older Silurian beds 
in compressed isoclinal flexures. The decided mica schists are probably beds 
near the bottom of the series. 

Just before the descent to the river Siul commences in the neighbourhood of 
Balori, I observed river conglomerate Si an elevation of 3,320 feet above the 
sea, being over 800 feqt, by my aner^d barometer, above the Siul. In the 
neighbourhood of Bildspnr, the capital of a Native State, sonth-vrest of Simla, 
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I fotind river congloxoerate ^ on an isolated hill, round which the Batlej flows, 
980 feet above that river, and in my Notes of a tour through Hangrang and 
Spiti ” * I mentioned the occurrence of river boulders at the top of the Chandan 
N&mo pass at an elevation of 12,340 feet above the sea, and about 2,400 feot 
above the present bed of the Spiti river. The explanation I offered, in the 
latter case, was ^at the Spiti river was formerly as high as the top of the 
Chandan N&mo pass, but I now see that this explanation was incorrect. Whilst 
the Himalayan rivers wero slowly deepening their channels and excavating the 
valleys through which they flow, the ’nountains themselves, there is reason to 
believe, were slowly risipg at a rate probably equal to that of sub-aezial erosion. 
In the case of the rivor Siul, therefore, though it has undoubtedly cut its way 
through 800 feet of solid rock, there is no necessity for assuming that the river 
ever actually flowed at the elevation at which the boulder bed now rests. 

I always thought that the elevation theory was necessary to explain the pre¬ 
sent position of the Satlej boulder beds in the neighbourhood of Bil&spur, but T 
now see that it is applicable to boulder beds generally throughout the Himalayas. 

The fact that the Himalayas have been slowly rising ® whilst tlio rivers have 
been deepening their channels, explains, I think, why the Himalayan valleys 
are generally so steep and V-ahaped. 

The cause of the rising the Himalayan area, which is probably still slowly 
going on, is discussed at length in the Revd. O. Fisher’s Physios of the Barth’s 
Crust. 

» 

Whether, however, the elevation if the Himalayas in most recent geological 
times is duo chiefly to tho flotation tendency assigned by Mr. Fisher, or to tan¬ 
gential pressure acting on an ai'ea losing weight from sub-aerial erosion, is a 
subject foreign to the scope of thlh paper. I am only concerned with the fact of 
elevation. 

Geological observations to support the view that the Himalayas have risen in 
recent geological times, arc not wanting; for^instanco, tho “ remains of Wdnoccroa 
and'other large mammals occur at an elevation of 15,000 feet in Tibet, and it is 
not probable that these animals lived in so elevated a region ” (Manual of tho 
Geology of India, p. 586). 

From Bhandal I followed tho Siul river as far as Sangni, and then turned 
up the valley leading to the high ridge between tho Talai and Patcrun * trigono¬ 
metrical stations. 

The valley is a., "rst nhrrow, and the scenery all the way up it is extremely 
pretty The foot-path runs for some distance along tho banks of a roaring 
torrent through woods of hazel and horse chestnut; and then, mounting highei’, 
passes al^^ng sloping pasture lands; and Anally plunges into the dark shade of a 

> The top conglomciste contniiieil Satlej etonea only, such as white quartz schist from Bhto- 
pnr, gneiaaoae granite, purple and nxl quartzite from the upper S<itloj or Spiti, and block basaltic- 
looking trap. 

* Records, XII, p. 66. ^ 

* Physics of the Earth’s Crust, p. 81. 

* Not mnrketl ou the map whiih uccninpaniea this paper. Fatenui is the peak between Tala 

and Dniimt stations. • 


B 
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pine forest, in which the holly oak, stunted and weather beaten, seems to have » 
hard struggle for existence. Higher up, the foi'csts cease, and a dwarf rhodo¬ 
dendron is the only tree that Ijears the cold of that high elevation, though many 
flowers brighten the grassy slopes. 

• Among them a wild poppy of delicate pui'plo blue merging into white is not 
the least beautiful j whilst a yellow flower, greatly i-osombling ih0 English butter¬ 
cup, reminds one of the home so far away. I have not observed the poppy at a 
lower elevation than about 11,000 feet. 

Wild rhuburb abounds at the head of this valley. An officer of Artillery, on 
a shooting tour, whom I found encamped at Ghamkol,* told me that he used tho 
rhuburb almost daily for tarts and found it good and wholesome. My friend, 
however, seemed somewhat bold in his gastronomical experiments, for I found 
that he was in the habit of putting many species.of tree fungi under contribution 
for the table. Tho natives of these parts told him tlxat all the fungi that giaw 
on oak are wholesome, but that those that grow on pine trees ai*e to bo avoided. 
He induced me to try a slice of a huge yellow oak fungus. It had a faint sus¬ 
picion of mushroom flavour in it, and was not unpalatable. On opening my eyes 
next morning I was thankful to find myself still in the land of the living. 

After leaving Sangni the siluriau conglomerate continued up to where tho 
second affluent joins the main stream from the north-east. I saw numerous out¬ 
crops in situ as well as blocks of it. The dip was nortlfi-east, nearly vertical, with 
an occasional reverse dip. Subsequently tho dip became more moderate. 

As in other sections descidbed, tho conglomerate is not uniformly conglomeri- 
tic, but includes slaty bands. The conglomerate is succeeded, by dark slates, 
some of which have a dark streak, and doubtless belong to tho infra-Krol series. 

Higher up the valley the dip became south-west and south-south-west, but 
finally reverted to north-east. On my way I came upon bouldere of conglomerate, 
and near my encampment, at a place called (ihamkol, at tho head of the valley 
(elevation 10,630 feet), and near the boundary of the trap, there are some thin 
beds of pale blue limestone. Above those beds, and between them and the trap, 

I came on conglomerate in situ. 

At the very head of the Sangni valley, a long spur will be observed, on tho 
map, running down from tho water parting of the Bhadarwdr (Badrawar) and 
Chamba territories, and dividing the head watere of the valley into two streams 
of about equal size. The trap comes in where this spur joins the main ridge, or 
water parting; it dominates tho crest of the ridge for some distance and then 
strikes down in a broad band and joins the outcrop described in a previous paper 
between Tiloga and Dihur (Duire). 

All along the north-eastern boundary of the trap down to Dihur the silurian 
conglomerate is “in contact with the trap. The Patorun station ® peak (elevation 
12,260 feet by my barometer) is on the conglomerate. The trap just skirts tho 

* Not marked on the mnp. It ia jnst under the cri«t of the ^idge dividing Bh<idawdr from 

Chamba close to the outcrop of the trap. e 

’ This ia not marked on tlie map that accompanies this paper. It is the peak south-west of 
the Dunrat station at tho ptfint where the ridge strikes in a north-westerly direction to the Tulai 
station. * 
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edge of the ridge and keeps on the south-west side of its crest until the- spurs 
running up from Bhandal meet the main ridge and culminate in a peak llj755 
feet high, where the trap rises to the crest of the ridge and forms the rock along 
its summit for some miles. 

The trap Along this ridge is very much jointed, the principal joints being 
transverse to the strike; and it affords instructive illustrations of the power of 
frost in combination with jointing to break up rocks. The ,very crest of the 
narrow ridge, which runs at a tolerably uniform elevation for some distance, is 
formed of a mass of sharp angular blocks of trap piled up one upon another, four, 
or five, or more deep, in. the manner of a moraine, with deep holes gaping between 
them. A sharp shock of an earthquake, on my return to my tents, supplied a 
hint that seismic disturbances ought not, perhaps, to be altogether left out of 
view in accounting for the piling up of large blocks of rocks one upon another in 
the manner described. 

The route I followed took mo along the south-west boundary of the trap from 
the head of the Sangni valley as far as the spur running down to Digi. 

It is a fine country, but as ray tents were often pitched at an elevation of 
raorc than 10,000 feet above the sea, I found it cold at night, and two days after 
I descended to a lower level, my late camping grounds were white with snow. 

The ridge at the lieac^of the Sangni valley commands a fine view of a range 
of sqpwy peaks rising to over 21,000 feet in height, whilst my camp was usually 
pitched on grassy slopes, abounding in flowers, just above the limits of the dark 
pine forests that clothe the mountain sides‘lower down. 

Bears, red and black, and Bara Singha (Cervus cashmiriamis) allied to the 
red stag of Eu^jope, and Tahr (Hemitragus jemlaicus) are pretty numerous, and I 
often saw their recent foot-printS, but not the animals themselves. During the 
summer months these grassy slopes support large herds of buffalos and sheep 
which aro driven down into the plains*of the Punjab when the cold season begins 
to^ set in. Sportsmen have a poor chajice of a bag until these herds j^ve 
departed. 

Along the south-west boundaiy of the trap the rock in contact with it appears 
to be the Silurian conglomerate. No reliance is to be placed on blocks as they 
might bo derived frdm the outcrop on the other side of the trap, but I believe I 
saw the conglomerate in situ in two instances. The dip is usually north-east, but 
occasionally changes to the west. 

The trap along the outcrop, described in the pi’eceding pages, here^^and thei’e 
passes into a porphyritio variety. It is a hard, dense, compact rock, ranging 
from a dark purple-grey to a dark greenish-grey colour. Numerous crystals of 
felspar are porphyrntically imbedded in the dark base. Further remarks regard¬ 
ing the microscopic character of the trap will be found in Part^I. 

My return route to the Siul was along the spur which runs down from the 
main ridge to Digi. 

The slates dipped frdin north-east-by-north to north-north-east, very high, and 
with an occasional reverse dip. They were of Silurian type and not visibly con- 
glomeritic, but as the outcrops were mostly the up-tufned edges of the strata, 
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opportunities of judging of their canglomentic character were bad, for the pebbles 
are seen for the most pai-t when the splitting surfaces of the rock are exposed. 

About 600 or 700 feet above Digi I came upon a narrow calcareous band, 
the beds being earthy to slaty. 

I have now made throe traverses west of the outcrop of the carbO'triassic 
series seen typically below Dihur, wz., up the Sangni valleydown the Digi 
spur, and from Himgiri to Digi; and in none of them did I come across any 
thing like the darbo-triassic limestones. The calcareous band above Digi, and 
the thin bed of limestone near Ghamkol, probably belong to the Blaini or to 
the infra*Krol horizon. 

The carbo'triassic limestones extend very little to the west of Duta. Infa* 
Krol slates and the black crush rock are seen at and near the bridge over the 
Siul below Kotta. A thin band of these racks may extend up the river as far 
as Pal, and some of them are doubtless implicated ih the isoclinal folds between 
the outcrop of the trap and Bhandal, but the cai'bo-tnassic limestones west of 
Duta hUTe either been squeezed out in the plications in which the Silurian series 
have been involved, or the araa of deposition terminated at Duta. 

Another point brought out by the field observations detailed above, is that the 
outcrop of the conglomerate on the south of the trap is as broad as that already 
mapped on the north of it. South of Manjir some of the streams running down 
from the north-west into the Siul contain blocks of cbnglomerate, showing that 
this formation is wide enough, south of Dihur, to overtop the crest of the ridge 
between Ain and Gutaun. 

From Manjir I crossed the Siul and proceeded along the spur which cul¬ 
minates in the Dnaut tingonomctrial station, and then made for the head of 
the valley under the Rundhar station. 

Simla slates dominate along the crest of the ridge, but the conglomerates 
come in about half Avay down the north-eastern .side of the ridge above the village 
of Mahdeb ^ (i^t marked on the map). The bed of the stream contains numerous 
boulders of typical conglomerate. The dip varied from south-south-west to a 
little east of north-east along the ridge, but in the valley under Rundhar from 
east-north-east to north-east-by-east. 

The trap crops out under the village of Bholu (not marked on the map), and 
is here about 100 yards wide. It is succeeded by the carbo-triassic series 
which is here in great force and very typically developed. The rocks in 
immediate contact with the. trap are very micaceous carbonaceous slates; then 
follow dark-blue unaltered limestones; these are succeeded by very micaceous 
atcB; thin bedded unaltered limestones odbnr next and then micaceous slates 
ollowed by limestones. 

These mica elates deserve, I think, some notice. Their micaceous character 
is clearly not due to contact metamorphism,^ for those at a distance from the 
trap, and intercalated between unaltered dark-blue carbonaceous limestones, are 

* A local cormption doabtlcBs of M^b&deo. ^ 

* The trap according to my view is nn ancient Ltvn and older than the carbo*trinssic series, so 
that Ifcds of the latter catmot*^po8sibly liave been nietninorphosed by the trap. 
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as luicaoeons as those in contact with the trap. These mioaceous slates—arnica 
schists they might well be called—suggest, 1 think, the cono^ion, that the meta* 
morphism of the type which consists in the formation of hydro-micas—or micas 
of the species usually developed in slaty rocks—^may be brought about by aqueous 
or hydro-thermal agencies, accompanied by a very moderate amount of heat. Here 
we have highly micaceous slates intercalated with dark carbonaceous limestones 
that give no trace of having been subjected to heat. 

The outcrop of the trap in this region runs with the southern boundary of 
the carbo-triassic series. In the north-westerly diiection the trap evidently 
extends beyond Bailaum to near Sanaira, for the stream that flows under that 
village into the Siul contains boulders of it. No outcrop of it is to be seen on 
the Kalel road or between Manjir and Dihur. 

In its south-easterly extension, the trap runs past Chanena (not marked on 
the map) ; and crossing the ridge west of Hulh (Hul), makes for EZail and Dila. 
It tops the ridge east of Hulh above the village of Dhar, and then striking 
for Amraili crosses the Sao valley about three-quarters of a mile north of Sao. 
The outcrop is here about 200 to 250 yards wide. 

The carbo-triassic series continues in contact with the trap across the Hulh 
and Sao valleys. In ascending the latter valley the last of the series seen 
appears to be a massive grey quartzite. The dip is north-east-by-north. 

Tim carbo-triassic sorTes is succeeded by a very fine-grained massive silici- 
ous roJk of grey colour that gradually passes into massive slates. Some of the 
former weather brown and some greenish, and they have superficially a trappean 
aspect; they are also extremely tough and hard to break. 

I explored the Sao valley for some distance beyond Lolaya in tho direction 
of the glaciers at its head and tb(*n returned to Sao. The next day I proceeded 
up one of the side valleys ‘in o^er to cross the high range that divides it from 
tho Chanju valley. Tho first march (took mo to Sarrah (elevation 7,140 feet), 
a village not marked on the map. Dip ^jorpondicular. The next day’s march 
was rather a severe one, but fortunately I engaged ten extra coolies for my 
things; had I not done so 1 should not have seen any of them by nightfall. 
First we had a stiff ascent to the summit (11,525 feet above the sea), and then 
a walk for some miles along the ridge. No suitable place for an encampment 
presented itself, ns the nearest water was about 700 or 800 feet below us, and 
firewood was almost as distant. We pushed on down a precipitous descent for 
some Gnjar huts about* 3,000 feet below, which we reached about 5 in the 
afternoon. Tho spot was indeed a lovely one—a grassy glade in a pine forest 
with the peaks and glaciers of Kailu and Ealka well in view; but alas the Gujars 
with their herds had left the spot, the streams had dried up, and no drinking 
water was to bo had within a radius of 1| miles. There was ifothing for it but 
to push on for tho nearest village, Sundri (Sunder), 3 miles further down 
the mountain, which I reached at dusk aftcr*walking for 11 hours, climbing 
4,385 andjdescending 4,525 feet. 

The first thing to be done was to send back men with torches for the coolies, 
who finally arrived without serious accident, my crockery,only coming to grief by 
the way. • 
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The mai'ch, though long, was a delightful one. From tho crest of the ridge, 
the Kailu (18,639 feet in elevation) and its twin peak Kalka with the glacier 
between them, 8 miles distant as the crow flics, formed a beautiful subject 
for a picture. A snow-skrrm was going on in the back ground; the warm sun 
gilded tho rich red and brown autumnal tints of the foreground; whilst checkered 
and over changing lights and shadows were playing over “the forests and 
the grassy slopes of the middle distance. The clouds tipped the peaks and 
cast their deep shadows over most of the snowy masses around; whilst tho sun, 
bathing the glacier of Kailu in light, made it, by its contrast with tho gloomy 
masses by its side, look like the poi’tal of a heavenly world beyond. 

At the village of Sundri there was not a squai ‘0 foot of available level ground, 
all the terraces being under crops, and so I had to pitch my tents on the flat roof 
of a house. The process of washing my face and hands in the morning was a 
source of great delight to a group of village maidens, who in these mountain 
villages seem wholly unacquainted with tho cleansing properties of soap and 
water. 

Between Sao and Sundri (Sunder) I saw nothing of the conglomerate; on 
crossing the stream under Ohdnju, however, I came on blocks of it, and encoun¬ 
tered them in nine different places between that and Bagai^ These blocks were 
not in situ, but they appeared to be fragments of the local rock with which tho 
matrix of the conglomerate quite corresponded. The dip was at one time south 
but afterwards reverted to the normal direction. Below Bagai, on the left or 
south bank of the river, I found the conglomerate in situ twice. 

From Kalel the conglomerate appears to strike nearly duo cast for Bagai and 
to continue thence towards the Chara Pass, where I am told that it occurs by 
Dr. Hutchinson of Chamba. 

In the cour.se of the plications in which tho Chamba rocks have been involved, 
Silurian rocks, I8wer in the scale than the conglomerates, appear to have been 
brought in between the latter and t^o carbo-triassic series, which in the Manjir- 
Kalel section is in contact with the conglomerates on both sides. 

The dip between Bagai and Jasaor is about south-south-west. 

On tho Kalel and Balore road, on both banks of the river that flows between 
Daund and Balore, I came upon numerous blocks of tho conglomerate (they are 
very abundant in tho bed of the stream); and though, owing probably to the 
abundance of vegetation, I did not find any actually in situ on the ascent to 
Masrund,* I doubt not that the conglomerates, which aro visible in situ in 
numerous places round Manjir, and whi^ wo have seen in the preceding pages, 
are abundant along the head of the Bailaum valley, aro continuous between the 
two places. ^ 

During the summer of 1884 official duties led me to Simla, and I was unable 
to cany out a projected tour in Pangi; Dr. Hutchison, of the Chamba Mission, 
however, Idndly undertook to make observations for me, and in particular to 
mark the boundaries of the siluiian conglomerate. His notes are given fur- 
ther on. 

« 

> A balling place not ntarbed oil tbc map. 
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On my return from Simla I woa able to make a abort tour up the "Kali Cbo 
(Kali Chu) valley, in November, and I now proceed to give tbe results. Our 
party consisted of Dr. Hutifehison, my wife, and myself. We proceeded eastwards 
from Chamba up the Ravi to a point opposite Basu, when we turned northwards 
and journeyed aid Guh up the Belij (Bailj) valley as far as Kanaiter. A very 
stiff climb of 5,200 feet from our encamping ground in the bed of the stream, 
under Bulote, took us to the top of the Kanruter pass, which we crossed at an 
elevation of 10,125 feet. 

The hill sides were white with snow an,d the tracks of bears, probably the red 
bear, were rather numerous. Our route lay just under the Thala station, and 
we crossed the second ridge running down between Oure and Thala (Thale) at 
a high elevation. We encamped at the Dul, ^ a level plot of land that must'once 
have been a mountain tarn, just above the junction of the stream flowing fromtlie 
Silpiri station and the highcsl stream running into it from the north-east. 

The march was a somewhat trying one, and though we started pearly our 
coolies did not get in until long after nightfall. About dinner time the sad news 
was broken to us that all our crockery had been left behind at the top of the 
pass; that the coolie carrying the load had given himself up for lost, and had sat 
down to cry ; and, that as he was deaf and dumb, the eloquence of our servants 
had been exerted on him in vain. 

Parties with a lantern* and torches were sent back to aid those behind, and 
finally*all our men andved without accident. 

Tbe Dul we found to be interosti'jg frona a geological pohit of view: it is evi¬ 
dently a dried up tarn, and the mode in which it was formed is not far to seek. 
The bed of the dul is bounded on the south by what appears to bo an old 
moraine. It rises abruptly from the bottom of the dul to the height of about 
60 feet, and on the outer side, •descends at a high angle to a considerable depth 
into the ravine below. This bund runs in a straight lino at right angles to 
the course of the stream, whidh has cut a narrow channel through it, at one 
side of the little valley, at its junction witli the solid rocks. The bund is appa¬ 
rently formed of angular blocks of rock ; there is nothing in the conformation 
of the hill sides around to suggest tbe possibility of a land slip, and a careful 
inspection of the locality convinced Dr. Hutchison and myself that the bund 
is an old teiminal moraine, and that the ancient tarn was formed by the shrink¬ 
ing of a glacier that has long since disappeared. The elevation of the Dul, 
measured by my aneroid,* is 7,825 feet above the sea. 

Our onward route was vi,d Guar and Tanda to Chalaur, and thence through 
Manda and Bani along the right bank of the stream until we came abreast of 
Badra, when we crossed to the opposite side. 

The last 3 or 4 miles of this march illustrates well the general character 
of the roads traversed during the whole of this tour and the kind of walking 
that the Himalayan geologists must be prepared to encounter. Our route lay 
along the precipitous sides of tho mountain; the path was not more than 9 
inches wide; a fringe of grass along the'^ edge seemed to invite the foot but gave 

* On tho accoinpnnying map tho Dul is just below tho 0 of tho elevation of tho Thala station 
12,808 foot). ^ ^ 
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way tho moment it was trodden on. A &11 would inevitably be fatal, for there 
was neither tree nor bush to save you, and tho mountain side sloped down to the 
river, some 1,500 feet below, at so high an angle, and ^as clothed with grass so 
slippery, that nothing could have saved a man once in motion downwards. 

.This was varied eveiy now and then by rook work along precipices whore you 
needed to use your hands, as well as your feet, and to be clevoV in prospecting 
your way. 

The trying part of tho march, however, came as a hotine bouche at its end. 
The torrent under Budra has cut a deep yarrow ‘gorge through tho mountain; 
descent to the water’s edge was impossible, and the only way to cross the stream was 
by a frail bridge stretched from rock to rock some 160 or 200 feet above tho 
roaring torrent below. The bridge was formed of three poles about 30 yards in 
length, and across them small roughly hewn planks were fastened with twigs 
forming a roadway of about a yard in width. A pfank was dangling by one end 
over the chasm below, leaving a gap in tho roadway, and suggesting painful 
doubts regarding the stability of the rest of tho structure. Tho bridge had neither 
railing nor hand ropes. 

There was nothing to be done but to face the bridge, and so 1 mounted the 
pile of stones that kept the poles at one end in^heir places and started. I must 
confess that when I neared the centre my heart failed mo, and I felt horridly 
tempted to turn back, but a moment’s roilcetion convinced me that if I attempted 
to do so 1 should probably topple over, and so I strode onwards with hastened 
step and cleared tho bridge with greah thankful ness. 

Now came my wife’s turn. My guide doubted her being able to retain her 
presence of mind, and wanted to bandage her eyes and carry her over on his back, 
but she disdained to accept this mode of progression and walked over with steady 
and unfaltering step. * 

I was not sutprised to find that one of the laden hill men who arrived whilst 
T was resting at the bridge was unable to face it, and a man with a better head 
was obliged to cross over and relieve him of his load. 

From Budra wo proceeded up the stream as far as Luindi, a hamlet of three 
huts, the highest inhabited place in tho valley. Tho season was too late to 
proceed any further, and there was no object in our doing so, for an inspection of 
the boulders in tho bed of the stream, flowing down from tho Kali Cho, showed 
that no new rocks come in between Luindi and tho crest of the pass. 

Our return route was along the .left bank of the stream vi& Baragrao and 
Tatahu to Kani, on the right bank of the Bavi, and thence to Aulansa (Hulans). 
On a previous occasion^ I proceeded from Aulansa tt> Chamba via Kote, but on 
this occasion we struck down to a new road in progress of construction along the 
bed of the Bavi, fis that gave good exposures of the rooks. 

From Bakaun I went up tho stream running to the west of the Basu station 
and marked the boundary of thb outcrop of gneissose granite there. In this 
region it is a porphyritio and perfectly granitic rock. • 

Having described my route, the rooks seen by tho way can now be noted. 
The conglomerates crop «nt under Guh (north of Basu) and continue typically 

I Records, XVI, 38. • 
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developed to the point noted on the map. They dip under limestonea that 
remind me somewhat of the Blaini rocks, and which, like them, effervesce slowly 
with acids. The outcrop is about 100 yards thick, and it is followed by slates, 
some of which are rather dark. Limestones succeed at the stream to the south of 
Fuger. These effervesce freely with acids. From this point up to tho head of the 
valley the rocks are Silurians, vtr., what appear to be Simla slates and fine-gprained 
silicious beds, many of the latter being superficially of trappoidal aspect ainnilii.i' 
to those north of Sao. * 

In this section the lower Silurians are nowhere reached. The apparent thick* 
ness of these beds is very great, but the rocks are, I think, repeated by flexures. 

On the homeward journey we carried these Silurians with us all the way to 
Kani. Just below this village the carbo^triassics come in. On the descent to the 
Ravi we noted five outcrops of them intercalated with slates; the first outcrop 
being about 300 yards in thickness. The limestones here are very earthy, and for 
the most part so shaly in appearance that the hammer and acid bottle had to be 
in constant use. A casual traveller might easily overlook these outcrops altogether. 

The limestonea are succeeded by the conglomerate; the limestone in actual 
contact with the latter weathers brown and effervesces slowly with acids, remind¬ 
ing one in both respects of the Blaini magnesian limestone. 

The outcrops of the conglomerate between Aulansa and Chitrali (Ghitrahi), 
along the £oti road, havelbeen described in a former paper. De8<»nding to the 
Ravi, T[ noted an outcrop of trap in the slates near tho border of the conglo¬ 
merate. It is only about six yar^B wide, Jjut it appears to be interbedded with 
the slates, and to be on the same horizon as the Sao trap. 

The conglomerates exposed on the new road are, as usual, not continuously 
conglomeritic, but they are seen typically developed on both margins and at least 
one other intermediate place. •The total apparent thickness of the series is very 
great, and one must either suppose that the period duiing which the conglomerates 
were laid down was of great ddration, and that the conglomeritic period recurred 
more than once, at long intervals, under conditions precisely similar to those of 
the first deposition; and that tho rocks under denudation and the mode of 
deposition were identically the same on each recurrence of the conglomeritic 
period; or wo must suppose that the thickness of the conglomeritic series is 
apparent only, and that the conglomerates are repeated by folding and flexures. 

The latter supposition is the one I have adopted. Tho section along tho river 
presents much to support'this view. Dark slates, which are probably infra-Erol, 
are, I think, folded up with tho conglomerate, whilst a very peculiar rock is un¬ 
doubtedly reproduced. This is a very white rock which at first sight seems to be 
calcareous, but it refused to effervesce with acids. 

Among the beds folded up with the conglomerates is a rookVith dark bands 
in it that presents some interesting and instructive examples of inc al 
faulting. • 

Throughout the area.mnbraced by my tour of November 1884, the dip of the 
strata is uniformly north-easterly. Froifi Kanaiter to Guar the dip is very high 
and in one place* quite perpendicular. Opposite Budi;p the steata on the top* 
of the mountain present to view a» fl at wavy synclinal flexure, whilst the beds 
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below are in some places i»erpen(licular, and in others crumpled into sharp 

folds like tho capital letter M. At first sight one might suppose that the strata 
on the top of the mountain opposite Budra rested unconformably on the perpendi¬ 
cular and contorted rocks below, but I feel sure that this appearance is only the 
result of the great lateral pressure to which the rocks have beon*subjocted, and is 
to be explained in the way suggested in my first paper (Record# X, pp. 208, 209). 
The present contour of tho mountains having been determined before the last 
Himalayan disturbances took place, -the strata in the direct line of the squeeze 
naturally suffered more than the strata above that line. 

The explanation which I have given in Part III of this paper of the section 
through Hnlh (Hul) applies, I think, to the stratigraphy of the Belij and Kdli Oho 
valleys, the only difference being that the Silurians in their south-easterly exten¬ 
sion have been involved in more flexures than those in the Sao section—their 
apparent thickening being due to this cause; and the Simla slates have been 
in the Bolij section introduced next the carbo-triossic series, and are pi-obably 
repeated further north. 

The following notes on the geology of the Pangi valley south 'of Kilar have 
been written for me by Dr. Hutchison, and contain the results of his observa¬ 
tions this year:— 

" As f«r as tb« villa^ of Haile,' the silnrians continne with.a low Bouth'west nip, and beyond 
this a nortb'Onst dip seta in. About 8 miles north of Haile, where tho second nalluh from the north 
joins the main ico stream, the micaceous sdhistoso bods give place to the Blaini conglomerate with 
white and grey quartz pebbles, which however did not seem to be very numerous. A little farther 
north the rocks are coloured with iron oxide, but they seemed to be of the same character ns the 
conglomerates. Proceeding towards the Cheni (Chain) pass the conglomerate rocks still continu¬ 
ed, and were in places well marked j and tho main ice stream contained nuuiorous boulders of a con- 
glomeritic character. About 2 miles from the top of tlie pass these rocks began to be mixed up 
with rooks of a slaty appearance and non-couglomcritic ; and the top was composed of slates of 
much the same appearance and character as thp coarse slates used for roofing. The dip from 
Haile to the snmmit was north-eust at a low angle, getting higher and higher near the top; and a 
mile to the north of it the strata became quite perpendicular, and continued so till the Chandra 
Bagba river was neared when a high south-west dip set in. About half-way below the top of the 
pass, and the junction of the ice stream with the Chandra Uagha, there is a very well marked out¬ 
crop of conglomerate about half a mile or so in thickness. The rocks between the top of the 
pass and this outcrop did not seem conglomeritic, but I suppose they must be regarded as be- 
liinging to the conglomerate series. North of this point the rooks seemed Silurian—micaceous and 
qnai tzose schists and slates. 

From near Kilar to a point one mile south of the IVTocha stream the rocks are Silurians with a 

south-west dip. South of this there arc two very narrow bands of a pile blue sub-crystalline 

limestone, each 9 or 10 feet thick. Succeeding these is a well-marked outcrop of conglomerates 

which continue to a point opposite the village of Phinphar. fThronghout a considerable portion 

of this distance the road is partly cut out of the solid rock and partly supported on crowbars fixed 

horizontally into tke face of the perpendicular ohff. The matrix of the conglomerate is micaceous 

schist, and the contained boulders are chiefly of white quartz, some of them ns much as 9 

inches in their long diameter. These rocks are succeeded by Silurians with a south-west dip getting 

higher and higher till the strata become perpendicular to the south of the Cheni stream and 

opposite the village of Kalaul; and they continue so as far as the village of Sugwas. Here a 

band of limestone comes in, 140 feet in thiokiibss,.of a dark colour, soft and friable. Next come 

slaty rocks for half a mile or so. and then another band of limestone, sub-crystalline in texture, 

« 

Haile is on the iionh slae of the.Clicni‘'(CliHia) pass north of Debi KotJ, ^ 
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nihi also abont 140 feet thick. Thu ia followed by welUmarked eonglomeratee, full of pebbles 
which coutiDUO nearly as far as the^int where the river bends round to the south. The dip 
opposite Sugwas is still vertical, but beginning to incline to the north*east, and this inclination 
becomes more marked as the southern border of the conglomerate is neared. Next come micaceous 
and qnartsose rocks with a moderate north>east dip till after crossing the stream coming down 
from the peak marked " snowy peak black cone 17,145 feet ” and half way between that stream and 
the one to the south at it the conglomerates come in again and continue till the stream from the 
Drati pass is neared. The rocks abound in pebbles of white and grey quarts, and the rocks on the 
other side of the river are seen to be also conglomeritic and weathering a very^lack colour near 
the margin of the woter. In the bed of the Drati stream the rocks are greenish in colour and 
not conglomeritic; they look like middle siluris^us. These continue with a moderate north.east 
dip to within a short distance of the large 8tret\m which joins the Chandra Bagha from the south— 
midway between Tindi and Silgtaon. Hero well-marked conglomerates come in again with pebbles 
of white and grey quartzite and granitoid gneiss, the latter becoming more numerous near Silgraou 
encamping ground. They have a north-east dip and continue to within a mile of the point 
marked “ bridge " on the map. Immediately above the bridge and on the left bank of the river are 
seen (from the opposite side) several large blocks of quartzite from 2 to 8 feet long aud 8 or 9 
inches thick embedded in the slates beyond the border of the conglomerate. 

These silurian slates continue on into Lahoul, the dip becoming perf)endieulaT between 
Silgraon and Margraon and inclining over to the 8outh>weat beyond Triloknath. In the stream 
to the south of that place, there are many large and typical boulders of conglomerate, but 1 
nowhere saw the rock in'tUu. 

On my return journey 1 crossed the Drati Pass, but found no rock which appeared to mo 
conglomeritic till I came within a mile of Chanju. The Ohara Pass is 1 know composed of 
conglomerate which seemed to nia, when I crossed it two years ago, to extend continuously from 
half wayi^own the northern side of the pass to the village of Bagai (Baghi) below Chanju.” 

I have marked the outcrops of coaglomepate noted by Dr. Hutchison on my 
map in consultation with him, and these outcrops I have connected with those 
observed by me on the north-east side of the Saoh Pass, and on the western side 
of the snowy chain. 

Dr. Hutchison believes thalp the outcrop at Phinphar (the most northern 
outcrop marked on the map, a little to the south of Kilar) is coutinuoua with 
that which crops out on tho north-east side of the Sach Pass, The latter out- 
cropj ho believes, splits into two arms—onef curving round to Phinphar, and the 
other joining hands with the outcrop at Sugwas. The latter supposition does 
not seem open to any doubt, as tho conglomerate has been seen in situ by Ur. 
Hutchison on both sides of tho Cheni (Chain) Pass, and its boundaries on both 
sides of that pass have been carefully noted. 

It is not improbable that the outcrop on the north-east side of the Sach Pass 
splits up in the manner suggested. The apparent thickness of the conglomerates 
I have all along supposed to be owing to flexions; and to older, and probably at 
times younger, slates having been caught up in their folds. The splitting up 
then of the Sach conglomerate into two arms seems to be only a reproduction of 
tho conditions of the Hnlh (Hul) section, where a great thiokness of silurian 
slaty rocks have, in tho manner explained in Part HI, been inserted between the 
Sao and Bagai outcrop of the conglomerate. , 

The Phinphar outcrop of the conglomerate apparently curves round to the 
north-east, for Dr. Hutchison tolls me that he found numerous boulders of this 
rock as well as limestone near the village of Banu up the Hanan nala, which 
runs into the Chandra Bhaga at Kil^r. * 
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Dr. Hntchison is also of opinion that the Sagryfi and Snlgraon ontcropa are 
oontinnons (which was also the view taken by Mr. Lydekker), and that the out¬ 
crops observed by him (Dr. Hutchison) on both sides of the Chara Pass runs 
into it. 

.The Salgraon outcrop apparently curves round slid runs along the northern 
side of the Eali Cho, for Dr. Hutchison observed numerous boufders of it in the 

* 4 

stream flowing down from the Gheroh snowy cone into the Chandra Bh&ga at 
Trilokn&th; whilst we saw none in the bed of the stream at Luindi on the south¬ 
ern side of that mountain. • 

The slates associated with the upper silurian conglomerate in the parts of 
Pingi embraced by Dr. Hutchison’s paper arc probably middle Silurians consider, 
ably altered by the proximity of granite. 

It is interesting to note that, as in the Simla area, the conglomerates are rare- 
ly &r sepaxUrted from limestones; those immediately* in contact with them present- 
ing points of resemblance to the Blaini rock. 

I have not coloured the limestone outcrops noted by Dr. Hutchison on my map, 
because the doubt remains whether they are of upper mlurian age, or whether 
they also embrace some of the carboniferous limestones. This doubt was also 
felt by Mr. Lydekker with reference to the limestones observed by him in the 
region embraced by Dr. Hutchison’s paper. 

In the typical Simla area a thick band of infra-Erol (carboniferous^ slates 
intervene between the Blaini (upper silurian) limestones and the carbo-triassic 
(Krol) series; but these carbonaceous slates seem to be sometimes absent in the 
Chamba area. 

In view of this difficulty, and in the absence of fossils, I have^thought it best 
not to give the limestones of Pdngi, noted by Dr. Hutchison, a distinctive colour 
on my map. 

Conchhion. 

The result of the tours detailed in the preceding pages has been to confirm' me 
in the view expressed in my paper on the Geology of Dalhonsie, that the trap of 
the Dalhousie-Chamba area is of infra carboniferous age, and that in this region 
it comes in between the carbo-ti’iassic and the silurian series. 

To the north-west of Dihur, where the carbo-triassic limestones have either 
thinned out, or, more probably, have been squeezed out in the course of the pli¬ 
cations in which the Chamba area has been involved, the trap is in contact with the 
upper silurian conglomerate along both margins; whilst at Dihur, and in the 
Bailaum-Sao direction, it comes in between the caybo-triassic series and the con¬ 
glomerate. 

The trap dies out between Dihur and Bailaum, but it will be seen on referring 
to the map that the disappearance of the trap coincides with a very sharp bend 
in the strike of the strata. The trap when it disappears in the neighbourhood of 
Dihur is in contact with the northern boundary of the carbo-triassic series, whilst 
when it re-appears it is in contact with the southern boundary of that series. On 
the supposition that the^trap intervenes between the upper silurian conglomerates 
and the carbo-triassic series, this may be accounted for by the flexions in which 
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these rocks have been involved. Moreover, the deposition of the lava streams of 
the infra-oarboniferons volcanoes may have been limited towards the west in ^ 
Dihnr area, and towards the east in the Bailaum and 8ao area. Furthermore, it 
is evident that the plications in which the Ghamba rocks have been involved 
resulted in faults, for the upper silurian conglomerates, which are in contact with 
the northern bcmndaiy of the carbo-ttiassic series at Dhar and Ealel, have been 
removed to a distance from that boundary in t*he Hulh and Sao sections, what 
appear to be silurian rocks lower in the series than the Simla states coming in 
between them. 

The northern boundary of the carbo-triassic series in the 6ailaum-Sao area, 
therefore, being evidently a faulted one, the non-appearance of the trap along the 
northern boundary of the carbo-triassic limestones in that area need occasion no 
surprise. 

The fact that the trap d!c% out between Dihur and the neighbourhood of Bai¬ 
laum may be due either to faulting or to the i^ct that the Dihur and the Bailaum 
flows were connected with different volcanic vents, and the lava flows did not 
extend into the area between Dihur and Bailaum. This last explanation is, I 
think, the true one, and it is the one which I have adopted in Part III of this 
paper. 

Mr. Lydekker at page 2il of his memoir on Kashmir remarks that It cannot 
be taken as certain that all the conglomerates of the Kashmir valley correspond to 
the Blaini conglomerate, since in the Pir-Panjal range the conglomerates appear 
to occur in the middle of the slate series, and are never even when the traps are 
absent in direct contact with the Zanskar i*ock.” 

I do not venture to offer any opinion about the Pii'-Panj&l rocks, but the re¬ 
sult of my expluiatious detailed in this paper show that where plications and 
faults are abundant, some sections are apt to be niisleading. A traveller journey¬ 
ing northwards from Hulh through Chanju would encounter a great thickness of 
silurian rocks on either side*of the conglomerate; whilst another journeying 
northwards along a parallel line through* Kalel would find the conglomerate 
in junction with the carbo-triassic series on both sides of the outcrop of the 
latter. 

I have examined under the microscope a slice of the fine-grained sandstone 
which intervenes between the conglomerate at Chanju and the carbo-triassic 
sei'ies at Hulh. It is a highly indurated rock composed of grains of quartz and 
felspar with strips of muscovite in it here and there. The whole of the interstitial 
mud has been convei'ted into mica, apparently paragonite. Under the microscope 
the sandstone has an ancient aspect, and its appearance confirms my impression 
that it is a silurian rock that occurs lower down in the series than the Simla 
slates. • 


PART II. 

THE MICROSCOPIC STRUCTURE 07 THE TRAPS DESCRIBED IN PART 1. 

I have already described in the preceding pages the way in whiefi trap crops 
out along two distinct lines, one to the north, and the o^her to the south, of the 
carbo-triassic seiies. In the following pages I purpose giving the results of the 
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examination of thin slices of these traps under the microscope, and then to 
compare the two outcrops with each other, and with that in the Dalhousie area.* 

I shall begin first with the trap to the north of the carbo-triassic series. 

JRidge above BJidndal—Altered Basalts. ^ 

No. 1,—A greenish-grey rock mottled with epidote. Sp. G. ^86. 

M.—The groundmass consists of triclinic felspar crystals radiating in all 
directions. Au^te was originally abundant, but a considerable portion of it has 
been converted into epidote in situ. The ^ugite is traversed by cracks stopped 
with epidote and viridite. 

The slice contains much magnetite, or ilmenite, and some haematite and 
viridite. 

The rock is an altered basalt approximating to a diabase. No glassy base can 
be made out and the slice contains no liquid cavities.* 

No. 2.—A greenish grey compact rock rather mottled in its appearance. Sp 
G. 2-94. 

M.—Epidote abounds in this slice, but no augite can be identified with cer¬ 
tainty. Viridite is abundant. The felspar is in rather largo crystals, many of 
which are visibly triclinic. 

The slice contains a small amygdaloidal cavity stopped with viridite, calcite, 
quartz and a white zeolite. The quartz contains a'few liquid cavities with 
movable babbles. 

I think this specimen belongs to the same class as the last, but it is a highly 
altered rook. 

Andesites. 

A 

No, 3.—A greenish-grey compact rock. Two amygdulos are visible in the 
hand specimen, composed of a white zeolite and a little epidote. Sp. G. 2*80. 

No, 4.—A greenish-grey compact rock, little red specks being visible in it, 
here and there, duo to the peroxidation of the iron. This sample is very like a 
typical specimen of the Hand! and Dalhousie traps. Sp. G. 2*82. 

M.—Most of the felspar is visibly triclinic and it is grouped in the usual 
stellate manner. Crystals of epidote are here and thei-e to bo seen, and there is a 
considerable amount of viridite in irregular lake-like spaces. A green dichroic 
mineral, which appeal’s to be hornblende, is present in minute prisms, fringing, 
or more or less connected with viridite. 

Extinction takes place at an angle from the axis of the prism which agrees 
with the angle of extinction for hornblende. 

There is a good deal of ilmenite, and possibly rar^etite, present in the slice, 
besides some leucoxenc, haematite and ferrite. The red spots seen on the hand 
specimens are due to the two latter secondary products. 

Those specimens, which appear to belong to the andesite group, are particu¬ 
larly interesting, as they seem to' mo to exhibit in its first stages those roetamor- 
phic changqi, which have, I think, converted some of tlie igneous I'ucks of the 
Satlej area into hornblende schists. 

' Desciibod in Rccoiib, XV, p 34, 
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No liquid cavities are present in slices 3 and 4. 

No. 6.—A greenish-grey compact rock. It fuses under the blowpipe to a 
dark, almost black, magnetic bead. Sp. G. 2*79. 

M.—This is a highly fclspathic variety; it consists of congeries of felspar 
crystals, many* of which are visibly triclinic, imbedded in a glassy base. A pale 
almost colonrloSs viridite is rather abundant. Very little epidote is present. 
The slice contains a considerable amount of magnetite and a red product of its 
alteration. This specimen is, 1 think, a transitional variety between the andesites 
and felsites. 

• Fflsiten. 

Nos. C and 7.—Greenish-grey compact rocks. Sp, G, 2*96 and 2 80. Both 
fuse under the blowpipe to a dark, almost black, magnetic bead. 

M.—No. 6 consists of epidote in a colourless glassy-looking base, which 
remains dark when revolved between crossed nicols. 

No. 7 has none of the microscopic characters of serpentine, and it unquestion¬ 
ably is not that substance, but nevertheless under the microscope it looks more 
like serpentine than anything with which I can compare it. In ordinary trans¬ 
mitted light it appears to be composed of granular matter imbedded in a colour¬ 
less, or nearly colourless, base. Between crossed nicols the granular master is 
seen to bo isotropic, and The field remains dark between crossed nicols, relieved by 
3trij>es and irregular patches of the doubly refractive matter which polarise with 
a yellow tint. ' • 

A little epidote and calcite are to be seen here and there; whilst the slice 
is dappled with patches of a substance, white in reflected, and opaque in trans¬ 
mitted light. Neither specimen’contains any trace of a basaltic mineral. 

No. 8.—The weathered surface has a slaty aspect, but when a lens is used, un¬ 
weathered portions present a mottled fclspathic appearance. In colour the rock 
is a pale greenish-grey, Sp. G. 2*81. 

*M.'—The groundmass consists of a glass of very pale yollow-ochre colour in 
transmitted light. In this there are little patches and strings of colourless 
granular mattei*, crystalline in aspect, which remain dark when revolved under 
crossed nicols. Clear lacunro of the yellow glass are seen here and there : they 
have invariably * a border of the granular matter, and patches of this product of 
divitrification penetrate into and are dappled over the lacun». 

Under crossed nicols the pale yellow base breaks up into a black and white, 
mottled crypto-crystalline mass, whilst hero and there portions polarise with a 
yellow tint. 

The arrangement of the whole, both with and without polaiisod light, is 
highly suggestive of fluxion structure. * 

A few specks of red ferrite are visible in the slice. 

No. 9 .—A compact rock of reddish brewn-colour mottled with green. Sp. 
G. 2*80. 

M.—The base is crypto-crystalline like the last specimen. In this blebs of 
quartz are sparsely distributed, and there is a considqfable amount of epidote. 
Some of the latter looks much like augite in process of confeision into epidote 
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There are oraoka and veins in the slice filled with quartz, and some of these cracks 
penetrate the epidote. 

The quartz contains liquid cavities with movable bubbles, bat they are very 
minute and require high powers to be visible. 

.The magnetite has almost wholly been converted into an opaque red ferrite 
and to this change in the oxidation of the iron the red colour of the rock is duei 
the yellowish-green patches being due to the presence of epidote. 

Specimens 6 to 9 must, I think, be as classed as felsites. 

Basalt Porphyry. 

Six hand specimens and seven thin slices of the porphyritic variety of the 
trap found on the ridge above Bhandal have been examined. 

The porphyrite is an extremely tough rock anctbreaks with great difficulty, 
even when a heavy hammer is used. The matrix is perfectly compact, and it is 
generally of a dark bluish-grey colour, though in some specimens it is greenish- 
groy. 

The specific gravity of the basalt porphyries ranges from 2*76 to 3‘01, the 
average specific gravity being 2*89. 

Under the microscope, the groundmass, in most of the specimens, is seen to be 
of basaltic structure, and consists of minute prisms, amd crystallites of felspar, 
set in a matrix of fine granular matter; whilst in others this granular matter is 
comparatively sparse, and the groundmass approximates, in character, more 'to an 
andesite or trachyte, and consists of a net work of minute, but for the most part, 
impei^ectly formed crystals of felspar. 

Fluxion structure is more or less observable in all the specimens. In some 
the groundmass passes here and there into a micro-felsitio substance. 

Magnetite is abundant in all the slices, being present in micro-grains of irregu¬ 
lar shape, llmenite also is, or has probably been, present, as the slice is dappled 
with an opaque substance resembling leucoxene. 

Augite in granules appear to be sparsely present in a few specimens. 

The giuat majority of the porphyritic crystals, and a large number of the 
micro-prisms of felspar, are visibly triclinic. The former are much corroded, 
cracked and broken, whilst portions of the groundmass penetrate into their sub¬ 
stance in the form of tongues. Some of those large plagioclsSse fragments are 
much bent, the planes of twinning being bent with the prism; whilst one crystal 
is broken into fragments which have been fioated to some little distance from each 
other. These porphyritic crystals clearly belo|ig to the first epoch of consoli¬ 
dation. 

The slices opntain rather large crystals of augite, but most of it is much 
altered, being converted into a brownish-yellow substance, or into epidote. 

One of the slices, the groundmass of which is of unusually small grain, 
abounds in what appear to have been vraicular cavities. They are nearly all 
flattened and drawn out into irregular-shAped lacunas. They are lined round the 
edge with granular epidote and stopped with epidote, and a serpentinous-looking 
substance, of the palest^ellow tint in trausiqitted light. 
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Some of tho large felspars contain cavities filled with viridite and epidote, 
which probably represent olivine or augite crystals : others contain small patches 
of calmte and viridite, the evident products of decomposition. 

A few cavities contain secondary quai'tz and a zeolite. 

In one of the slices, the magnetite, which here and there is crystallized in a 
regular manner, Exhibits a tendency to assume semi-circnlar foimis. One of these 
figures resembles the wheel of a cart cut in half, there being a thick semi-circular 
ring of uniform width with spokes radiating to it from a sort of nave. 

I have not detected any liquid cavities in the secondary quartz or in the 
felspar. 

This variety of the trap should, I think, be called a basalt porphyry. 


Ridge above Tiloga. Volcanic tuffs. 


No. 17.—A gi’cenish-grey compact rock 
„ 18.—A grey compact rock 

,, 19.—A dark greenish-g)*ey rock 

„ 20.—A grey compact rock 
„ 21.—A greenish-grey compact rock 


Sp. G. 2-67 
Sp. a. 2-82 
Sp. G. 2-93 
Sp. G. 2-87 
Sp. G. 2-70 


In No. 17 the weathered surface presents a fine-gi'uined granular appear¬ 
ance, which strongly snggA^ts the idea that the rock is a consolidated ash. In 
No. 18»tho surface is so overgrown with lichen that nothing can be made out; 
but in No. 19 the granular character is squiewhat doubtfully discernible. In 
Nos. 20 and 21, the weathered surface gives indications of a laminated armnge- 
mont of the materials. Most of the specimens ai'c more or less finely vesicular, 
or have empty iutei'spacea here and there between the grains. 

M.—Tho majority of tho slices are distinctly vesicular, a structure which is 
very characteristic of an ash,' but, with the exception of No. 20, none of the slices 
give any indication of fragmentary structure under the microscope. In the last- 
mentioned slice, much of it is seen between cfossed nicols to be fibrous in patches, 
the fibres in one patch running in a different direction to those of neighbouring 
patches,—an arrangement which imparts a fragmentary appearance to the whole. 
In No. 21 tho remains of a crumpled lamination are distinctly visible, the old 
lamination being represented by irregular lines of viridite. 

No augite, felspar, or other original mineral of the lava, except magnetite, is 
visible in any of the slices; but epidote, green mica, and patches of calcite are 
generally distributed throughout them. 

A dull quartz finds a place more or less in all tho slices ; it is scattered about 
in minute flecks, or in micro-grains, which exhibit a strong tendency to cluster to¬ 
gether, and form, with granular viridite, spots dotted over some of the slices. 
Magnetite also shows a tendency to form borders round those spots, and here it 
is probably a secondary product. , 

Irregular veins traverse some of tho slices, and they are stopped with quartz, 
magnetite, and granular viridite. Some k.raygdaloidnl.looking cavities are filled 
with calcite, and quartz, in micro grains. 

^ * S«e Ur. Sorby in Q.!r. G. S., Vol. XX.'CVI, p. 65. 
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Viridite forms a more or less prominent object in all the slices. There are no 
porphyritic crystals ; the gronndmass contains neither microlith nor crystallite and 
presents no characteristic stnictare. 

The Tiloga specimens are all, I think, intensely altered Tolcanic tuffs. 
Nos. 17 and 18 might conceivably be highly altered ve.sicular lavas, in which case 
one would have to attribute the distinctly fine-grained granuliir surface to the 
effects of weathering on a vciy fine-grained vesicular mass, but this supposition 
is not a probable one. No. 19 may possibly be a highly altered felsite. “ Finely 
bedded ash, when highly altered, is undiatinguiskablo in microscopic structure 
from an undoubted felstone-lava* but in this case the high specific gravity of 
No. 19 is opposed to the view tliat it is an altered felsite. On the whole, taking 
into consideration the granular weathered surface of No. 17, the distinctly lamin¬ 
ated structure of No. 21, and the general features of these specimens, I nave with 
some doubt and hesitation come to the conclusion that .Nos. 17 to 21 are highly 
altered volcanic tuffs. 

Considering the age of these rocks it is not surpri.sing that ash of so fine a 
grain should have been so highly altered. 

The Bailaum’ILidh (IIul) ouferoj). Altered volcanic ash. 

The samples (1 to 21) alx)ve described are from tlje outci‘op of the trap to 
the north of the carbo-triassic 8erie.s running from near Dihur (Duire) in j^noi’th- 
westerly direction towards Badrawar. The following specimens were taken from 
the outcrop which occurs to the soutft of the carbo-triassic series between Bailautn 
and liulh. 

Nos. 22 and 23.—Greenish-grey compact rocks from Bhplu, under the 
Bundhar Trigonometrical Survey station. The outcrop here is only about 100 
feet in thickness. The Sp. G. of No. 22 is 2‘8l! and of No. 23, 2’88. No. 22 is 
somewhat fissile, and minute specks of mica are \ isiblc in it hero and there. On 
the cut surface it has a streaky appevranco. One of the surfaces of No. 23, which 
is perfectly flat, is distinctly granular. 

M.—The groundmass of No. 22 is crypto-crystalline; no definite crystals 
of felspar are anywhere discernible, granules or fragments of what appeara to bo 
augite, are scattared about in it; the most prominent feature, however, is the pre¬ 
sence of what I take to be honihlende in minute thin prisms, fibres, and irregular 
masses intermingled with mica. The hornblende in tra.nsmitled light is of the palest 
brown-green colour, and is not at all diohroic. Extinction takes place at from 3 
to 20 degrees from the axis of the prisms. Tlte prisms and fibres, generally, but 
not always, run in the same general direction, whilst the mica always does so. 
The slice contains several empty vesicular cavities. 

No. 23 is much the same sort of rock as the last; the hornblende, however, 
is absent, and a mica ranging from a pale brown-green to a reddish-greenish-brown 
takes its place. This mica is abundant. 

Crystals of felspar, most of which are visibly triclinic, are very abundant in 
this slice; their external outlines are highly irregular, and never exhibit straight 
lines. 

> J. Clifton Win d, Q J. G. S„‘‘Vol. XXXI, p. 105, 
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Tbe slice contains a few patches of hesinatite. There are some resicular 
cavities, some of which are stopped with calcite; calcite also occurs in minute 
granules ihroughout the slice, 

Some of the felspai's contain a few exti'emely minute cavities with movable 
bubbles. • 

Both specimens are, 1 think, intensely altered ashes. 

Hulh. Homhlende andesites. 

The following specimens were taken below the village of Hulh, in the valley 
of that name, from the ^ame horizon as Nos. 22 and 23, but some miles to the 
. south-east of Bholu. 

No. 24.—A hne-gmiiied pale greenish.grey rock. With a pocket lens it is 
seen to be sub-crystalline. Under the blowpipe it fuses to a very dark marnetic 
bead. Sp. G. 2-88. 

M.—This is quite a typical lava: it is composed of an intimate mixture of 
triclinic felspar, in prisma radiating in all directions, and hornblende. The 
latter is in prisms fringed at the ends with microlites of the same mineral. 
Q'he hornblende is of the palest conceivable green tint and exhibits no dichroism ; 
here and there, however, the prismatic cleavage planes intersect at the angle 
characteristic of hornbleijde; extinction also agrees with that of this mii'.eral. 

No jmgite can be identified, but epidoto, colourless in transmitted light, and 
which does not exhibit dichroism, is rather abundant, A little secondary calcite 
is also present. No magnetite or ilmenite Is to be seen, but the slice is dappled 
with a granular opaque substance, white in reflected light, which seems allied to 
lencoxene. j|||||| 

A glassy base of very pale ^^llowish-green colour is visible here and there. 
The felspar contains nests of microlites which may possibly be apatite, but I 
think they are more probably colourless hornblende like those fringing tbo ends 
of the hornblende prisms. Their action oq polarised light is swamped in that 
of the felspar. 

The rock is evidently one that has suffered a large amount of alteration. 

No. 25.—A greenish.grey compact rock much mottled with epidote and 
containing zeolitic amygdulos here and there. Sp. G. 2 98. 

No. 26.—A bluish-grey compact rook with specks of white zeolite ahowing 
in it. Sp. G. 2'89. 

No. 27.—A bluish-grby compact rock. Sp. G. 2*91. 

M.—These are all highly altered rocks. The ground mass is felspathio, 
passing, in No. 26, here and there into qgartz. It contains mottled masses and 
fine acicular prisms of hornblende. The hornblende is of green colour and is 
feebly dichroio in No. 25, but is colonrle.ss and non-dichrnic in tlie other slices. 

Epidote is a prominent feature in No, 25, and it is more or less abundant in 
the other slices also. A mica of greenish-yellflw colour in transmitted light is 
present in No. 26. Square and triangular sections of magnetite occur in No 25. 

All these slices (Nos. 26 to 27) contain araygdules composed of zeolites, 
quartz, calcite, epidote, and mica. The zeolites are full of liquid cavities with 
movable bubbles. * 
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Conclusion. 

Some of the specimens described in the preceding pages (Part il) very much 
resemble, in macroscopic appearance, typical specimens of the Dalhonsie and 
Maendi altered basalts ; but the result of the microscopic examination of the 
whole is to show that, in the region north of Dalhuusie, the traps have changed 
considerably in typo; they pi*esent more variety, too, than those south of 
Dalhousie. 

In the ridgo north of Bhdndal basalt porphyribs become prominent and afford 
an additional link between the volcanic rocks of Chamba and those of Kashmir, 
where similar porphyritic traps are not uncommon.* 

I have termed the porphyritic rocks above described basalt porphyry, because 
in specific gravity they range as high as 3'01, and their average is 2 89 ; and 
because the groundmass of most of them is basaltic in structure. In some* 
specimens, however, the groundmass approximates in character to that of an 
andesite or trachyte; but the felspars belong to the triclinic system, and the 
rock, thorefoi’e, is clearly not allied to tho trachytes. 

No olivine has been found in any of the specimens examined; but considering 
the age of these rocks and the extent to which they have undergone alteration, 
1 do not, for the purposes of classification, attach much importance to this fact. 
Olivine is an unstable mineral and one of the first bo succumb to aqueous or 
hydro-thermal agencies ; the rock contains secondary products that commonly 
result from the decomposition of olivine; whilst tho high specific gravity of tho 
rock indicates that it belongs to the basic class. 

Of the unporphyritic and compact traps d@g||||||||^d in tho preceding pages, 
the microscope shows that Nos. 1 and 2 are filteWd basalts approximating to 
diabase. Those specimens probably represent dykes of volcanic matter, injected, 
at some pressure, into rents in tho accumulated le va, rather than surface flows. 
The rest of the specimens of compact trap examined exhibit a considerable 
change of typo as compared with the volcanic rocks south of Dalhousie. As a 
whole they are more felspathic in character, so much so that I have classed 
Nos. 6 to 9 as felsites. Hornblende makes its appearance, and in some speci¬ 
mens it forms, with triclinic felspar, the pi'edominating mineral. 1 have classed 
these as andesites and hornblende andesites. Some of these rocks, as for instance 
No. 24, are quite typical lavas. 

Another interesting feature brought out by tho examination of the specimens 
described in Part II of this paper is, that there seems reason, to regard those from 
Tiloga, near the south-east termination of thrjnorthern outcrop, and those from 
Bholu, near the north-west commencement of the southern outcrop, as altered 
ashes. 

This would seem to favour the view that tho outcrop to the north of the 
oarbo-triassic series belongs to an eruption distinct from that which supplied the 
lava to the south of that series; ashes taking the place of lava along the skirts of 
the pre-carbo-triassic volcanoes. 


' Lj'dekker’s Kdshtnir, pp. 221 and 218. 
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If the Tiloga and Bholu beds are, as I take them to be, altered tuffs, this 
conclusion will help us to understand doubtful rooks in other localities and 
confirm the inference already arrived at regarding some Kashmir traps.* This 
determination, moreover, supports the view advanced by Mr, Lydekker in his 
Memoir on Kashmir,* tliat the volcanic rocks of the North-Western Himalayas 
were derived frbm true volcanoes, and do not belong to the type of “ fissure 
eruptions.” 

The supposed absence of ash-beds, 1 apprehend, was one of the reasons which 
prevented some early observers from. rec-ngni/dng the volcanic character of the 
traps of the North-Western Himalayas snd Kashmir ; but considering the age 
of these beds, it is not surprising that fine-grained tuffs have been altered almost 
out of recognition. 

Another point in the microscopic examination of the specimens described in 
the preceding pages, which has interested mo, is the connecting link which the 
hornblende andesites, and the altered tuffs, seem to supply between the paleeozoio 
volcanic pioducfes and the hornblende rocks, and hornblende schists, of the Satlej 
valley. 

In the andesite lavas and tuffs described in these pages, we see the augitio 
element, so prominent in the lavas south of Dalhouaie, and in those of Mandi, 
disappearing, and hornblende taking its place. Quartz, probably, in this case, a 
product of the decomposition of felspar, begins to appear; the tuff No. 21 has 
a finely laminated structure favourable to its conversion into a sebist; and I think 
wo see in some of these hornblende andesites, and in the tuffs, the beginnings of 
inetamorphic changes which wore probably carried further in the Satlej area, the 
seat of extreme metamorphic.action, and resulted in the conversion of similar 
volcanic products into the hornblende rocks and hornblende schists found there. 

T need say no more on this .subject here, as the microscopic structure of some 
of the Satlej rocks will form the subject of a future paper. I need only 
add that I do not intend to imply, by the^ above remarks, that all the horn¬ 
blende bearing rocks of the Satlej valley are volcanic products. Some of the 
Satlej valley rocks are doubtless dioritos and cannot therefore be supposed 
to have actually flowed out on the surfa-ce as lava, though they were probably 
connected with volcanic action. 


PART III. 

GKNBRAL OBSEUVATIONS ON THE STRATIORAPHT AND PETROLOGY OF THE 

DALHOUSIE AREA. 

Owing to my approaching departure from India, this will probably he the last 
paper on the geology of the Dalhousie region that 1 shall have an oppoi'tunity of 
writing for the Records; it may be well, therefore, to state how far the views 
expressed in my first communications have been modified by further experience 
and observation in the field, and by the detailed study of thru slices o§ rocks 
under the microscope. ' 


> Memoirs, Qeol Surv., Vul. XXII, pp. 218, 221. 


* Hid, p. 222. 
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In my first paper I gave expression to the opinion that the limestone-ljpds 
south of Dainkiind were of carboniferous age, and that they formed a normal 
sequence from the altered basalts upwards. I now think that these bods, as 
suggested by Mr. Lydekker in his interesting memoir on “ The Geology of the 
Kashmir and Chamba Territories,” have been thrown into a compressed fold. 

The hypothesis of a compressed synclinal flexure accounts better than the 
explanation previously adopted for the fact noted in my first paper, that notwith- 
standing the typical development of black infra*Krol rocks along the eastern border 
of the outcrop, some dark slaty rooks occur at one point on its wcsteim boundary. 

This hypothesis, moreover, has the advantage of bringing the stratigraphy of 
the limestone series south of Dainkund into harmony with that of the limestone 
outcrop north of that ridge. In both, the trap (.sec section B.) occurs along 
the western margin of the limestones, and is absent on the eastern border. In 
both cases the explanation now offered is the same ; namely, that a compressed fold 
in the rocks (the limestones being thrown into a syncline) resulted in a fault, the 
trap being cut off by the fault. 

It is to be noted that the dark carbonaceous infra-Krol rocks visible in the 
limestone outcrop south of Dainkund arc absent from the outcrop iioidh of the 
R4vi, but this may probably bo owing to the latter having been laid down in 
deeper water further from the shore. 

1 am unable to accept some other suggestions which Mr. Lydekker has made 
in his memoir. Mr. Lydekker never visited the Chamba area, and his suggestions 
were based principally on observations recorded in my papers published up to 
that date, and I think it will suffice to slate bi-icfly in the following pages the 
conelusions at which I have finally arrived. 

When I wrete my first paper on the geology’ of Dalhouaio I had not studied 
thin slices of the Dainkund granite under the microscope,' and 1 had to make 
the best I could of the facts known up to that date I had no wish to strain or go 
beyond my facts. I had evidence of intrusion, on the one hand, and of distinct 
foliation, on the other, and it was necessary that any explanation I had to offer 
should harmonize these opposing facta. “ The explanation that satisfies my 
mind most,” I wrote (Records, XV, p, 47), “ is that the intense metamorphism 
of the ‘ central gneiss! has been principally produced by granitic intrusion at a 
great depth below the surface; and that the perfectly granitic portion is the 
intrusive granite itself.” After discussing instances of volcanoes bursting through 
gneissic beds, I added that 1 could “ see no reason why what took place near the 
surface at Auvergne may not have taken place in other localities at a greater 
depth below the surfaceand added further ” I can therefore readily imaj^ne 
that under the conditions described a blending together of the granite and the 
gneiss would result, and that the latter would, for some distance from its contact 
with the granite, partake of its mineral character.” 

This view has been accepted and adopted by Mr. Lydekker in his memoir. 

Now however that the microscope has thrown so much new light on the subject, 

'■ 1 

' Owing to the preasnre of officinl work I shoahl have t)cen obliged to postpone my first paper 
for a very long time had 1 Waited to complete a microscopic study of all the Dulhousie rocks before 
writing it. 
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I ^ unable to confine myself to a view, which, though it went as far as my facts 
would carry me in 1881, seems, ia view of the new facta brought to light, to only 
express half the truth. 

The mici'OBCope has shown that not only the gneissose granite of the Dhula> 
dh&r, but the foliated beds in the Ravi valley and the outer band at Dalhousie, 
give evidence of having been, at one stage in their history, reduced to a plastic 
condition by aqueo-igneous fusion, and exhibit flexion stracture, namely, evidence 
of motion. Moreover, the numerous specimens taken from various distant points 
in the localities indicated above-, however much they may differ from each' other 
in macroscopic aspect, present under the microscope absolutely no difference in 
composition or structure. 

There is thus a cogent argument for concluding that if portions of the crys¬ 
talline rocks of the Dalhousie area arc of eruptive oi-igin, the whole of them 
are granites. 

It would indeed be strange if metarnorphic schists and gneiss of archaean 
ago so exactly lesemhled comparitively modern eruptive gi*anite that the micros¬ 
cope could detect uo difference whatever between them either in composition or 
internal structure. This would be all the more remarkable, as the Dalhousie 
rocks do not, by any means, belong to a common type of i-ock, but, on the con- 
traiy, have special peculiai-iiios of their own. When we see these special pecti- 
liarities permeate all the? granitoid rocks in the same locality, the most natural 
inference to form regarding them is that they have had a common origin. 

The Dainkund gneissose granite *ias been shown to have exercised a metamor¬ 
phosing action on the rocks in contact with it; veins of it intrude into the slates 
and silioious rocks on both margins; * the gneissose granite contains veins 
similar to those caused by shrinkage on cooling iu granites of admittedly erup¬ 
tive origin; whilst it also confains inclusions of slates and schists imbedded in 
it, which are w-ithout reasonable doubt.true slates and schists, and not the pro¬ 
ducts of segregation; and these inclusions arc met with not only along the lino 
of c'ontact with the sedimentary beds, but at least half a mile away from them. 

A granitic mass that presents the above features must, I think, be considered 
an eruptive rock. The mere fact, taken alone, that portions of this mass display 
a tendency, more or less pronounced, to assume a parallelism in the arrangement 
of its crystals, is not, in itself, sufficient to support the theory that the foliated 
portions ai-e of metarnorphic origin, or to support the further assumption that 
has been made, that these portions are of pre-cambrian age. 

The presence of parallelism of structiu*e in some trachytes was demonstrated 
long ago by Naumann and Scropo, whilst the existence of gneissose granite, and 
the eruptive character of such foliated rocks as Icptynite (granulite), is now 
admitted by many leading geologists, and gneiss-granite or gneisSose granite has 
become a recognized geological term. 

“ It was formerly considered,” writes Bemlmi’d von Cotta,® “ that all gneiss 
was of metarnorphic origin, but it has of late years been established beyond a 

1 I have observed, but not heretofore noted, one on the Chambn#ide of the Cliudri PaM, 

® Eiilflisli Edition ly Lawrence; new Bilition, p. 225. 
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doubt that many kinds of gneiss are irruptive, and some geologists have gon^^l^ 
far as to regard all gneiss as of igneous origin.” 

If trachyte, a rock that has flowed out on the surface of the earth’s crust, has 
in some instances been known to assume a “striped” and foliated appearancej 
how much more may we not expect to find a parallelism of structure in acidi'ocka 
forced through the walls of a fault in a viscid and partially cdoled state under 
conditions of great pressure and strain ? 

Naumann^ refers, among other instances, toatrachytic lava observed by Hoff¬ 
mann in a crater in the Island of Pantellaria, “ which throughout has a foliated 
texture i*esembliug gneiss, and occui*s in beds that dip regularly outwards from 
the centi’e of the island j and he refera to the observations of Darwin to the effect 
that “ a volcanic rock ” in the Island of Ascension has “ a perfect gneiss-like 
texture and structure, the alternate layers of the component parts being extremely 
fine, and extending parallel to the direction of the l^va stream.” 

Another -observation of Darwin alluded to by Naumann in his paper is so 
apposite to the case of the Dalhousie crystallines that it is worth quoting. 
“ Darwin informs us,” widtes Naumann, “ that in the Cordillera of Chili, great 
beds of red granite occur, which must be viewed as an eruptive rock; but that 
it nevertheless exhibits, in parts, a decidedly parallel structui’e.” 

If the existence of a gneissoso granite in the Dalhousie, Satlej and Chor areas 
be admitted—and my microscopical investigations haVb led me to this conclusum 
in respect of the crystalline granitoid rocks of those areas—I see no reasdn why 
very similar rocks in other parts of tho North-Western Himalayas hei-etofore culled 
“central gneiss,” and “granitoid gneiss 1’ should not be written down os gneissose 
granite also, unless, and until, their original sedimentary origin and archoean age 
be proved. 

For instance, the description by Mr. Wynne o'i the Hazara gneiss (quoted by 
Mr. Lydokker at p. 103 of bis memoir) its completely crj'stalline porpbyritic 
and granitoid character; its behaviour in relation to the schists that border it; 
its intrusion “ in dykes and veins ” into those schists along the margin of contact, 
so exactly resembles the Dainkund and Chor rocks that Mr. Wynne’s description 
of the Hazara gneiss might be read as a graphic and perfect description of the 
Dainkund and Chor gneissose gi-anite. 

The conclusion that much, if not all, of what has been called “ central gneiss” 
and “ granitoid gneiss ” is really an eruptive rock, removes many difficulties from 
the way of the Himalayan geologist. “ Despite the wondei’s peHormed flexure 
of strata in mountain regions,” wrote Mr. Medlicott in his annual report for 
1883,® “ the structural features presented by this rock in certain cases were im¬ 
possible of satisfactory explanation on the supposition of its being really stratified 
gneiss. The Chur mountain in the Simla region and the end of the Dhuladh^r 
ridge at Dalhousie are instances.” 

Other examples of difficulties* capable of removal may be culled from Mr. 
Lydekker’s memoir on Kashmir. Lenticular or ellipsoidal masses of gneiss are 

' On tlio probable eruptive origin of severiil kinds of gneiss lUid gneiss-granite. Q. J. G. S., 
Vol. IV, 1848. « 

* Rovoi-ds, XVII, p. 3. 
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described as occurring in the midst of the silurian slates (pp. 231, 255) ; the 
passage from the slates to tho gneiss appears to be generally gradual and imper¬ 
ceptible (pp. 255, 258, and 260) ; but at p. 250 we are told that “the lower part 
of the system ” ( viz,, the PanjAl, which Mr. Lydekker at p. 47 correlates with 
the Silurian and ^Cambrian (?) systems) “next tho underlying gneiss, may appa¬ 
rently consist either of mica schists, or of little altered slates, which would seem 
to be difficult to distinguish from the higher S imla slates. Fiiytlly it appears 
that there is generally a gradual passage from the lower beds of tho system into 
foliated, and then into granitoid gnei.^s, but that there are instances where ' 
the junction is somewhat sudden.” Or, in other words, thei’e is occasionally 
a sudden passage from comparatively unaltered slates, andistingnishablo from 
beds supposed to be of middle silnidan ago, to a perfectly ciystalliuo granitoid 
rock. , 

Sometimes the gneiss appears to come in above the upper silurian or lower 
carboniferous traps (p. 230) ; and at other times next the upper silurian conglo¬ 
merates (p. 290). Some of tho guoias is considered to be of pre-carabrian ago 
(pp. 235, 265) ; some to be metamorphosed beds of middle silurian age (p. 251); 
and some to be the altered equivalents of rocks higher than the Panj^ls (p. 265), 
namely, of more recent age than tlio siluidan system. 

Mr. Lydekker does qpt indicate any mode of distinguishing between the 
eruptive granites and the granitoid metamorphic rocks on tho one hand, or 
between the pre-cambrian, silurian and younger gneisses on the other. 

Some of our leading geologists, who have given special attention to archaean 
rocks, w'ould, I think, lie indisposed to believe in the existence of thoroughly 
crystalline granitoid metamorphic rocks of such diverse ages as those stated 
above, in the same mountain rc{jion; and they would probably suggest the intro¬ 
duction of a number of faults to account for the erratic appearance of a thoroughly 
crystalline gi'anitoid gneiss sometimes at the bottom, sometimes in the middle, 
sometimes at tho top of the silurian series, a^id sometimes in younger beds ; and 
to account for the juxtaposition of comparatively unaltered slates and crystalline 
rocks in the last stage of extreme metamorphism. 

I do not understand that Mr. Lydekker has resorted to an elaborate system 
of faulting to explain the facts noted above, but on the contrary that he believes 
his metamorphic gneisses to belong to “ more than one gelogical period ” (p. 265). 

For my own part, as I hold that there is sufficient evidence to justify the belief 
that tho crystalline granitoid rocks of Dalhousie, of the Satloj valley, and of the 
Chor mountain, are eruptive granites, I would account for tho cases noted above, 
and similar ones, by applying to them the explanation which has solved even 
greater difficulties in the Dalhousie and Chor areas. 

If eruptions of gneissose granite on so grand a scale occurred along the 
DhuladhAr, the Choi’, and in tho Satlej valley region, it is only natural to expect 
that similar eruptions occurred in other parts of the North-Western Himalayas ; 
and this expectation becomes almost a certainty when we find a crystalline 
granitoid rock undistinguishable from the gneissose granite of Dalhousie, and of 
the Chor, presenting itself in different horizons amongsl ^e silurian and younger 
rocks. If, the gneisBose granite is Veally an eniptive rock, this is just what wo 
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should expect to find; indeed, if it never cropped out except along the same hori¬ 
zon, there might bo some gj’ound for regarding it as a raetaraorphic rock. But 
wlien we find a crystalline granitoid rock preserving its identity of chai’actor over 
very extensive areas, and yet cropping out along widely dilferent horizons in rocks 
“ of more than one geological period,” it seems to me that the grounds for 
claiming it as a metamorphic rock are slender indeed. 

On the assumption that it is an eruptive rock tlie diillcnlti s I have indicated 
above disappear. We no longer wonder with Mr. Lydokker why no case of the 
overlap of the “central gneiss” by the Silurian aeries has over been discovered 
(p. 302) ; and wo at once understand why granitoid rocks are found along widely 
different horizon.s, and why, in some cases, there is an apparent transition from 
the sedimentary series to the crystalline rock, and why, at othei'S, there is an 
abrupt psiasago from the latter to comparatively unaltered slates. Whore the 
gneissose granite was erupted among lower siluriau or Cumbrian (?) beds th'it 
had already been subjected to more or loss regionfil metamorphism, and on which 
it would pi'oditce some contact metamorphism, an appearance of gi-adual transi¬ 
tion would naturally be the result; whei’e, on the other hand, the partially cooled 
gnois.so.se granite was erupted along a fault and in contact with unaltered slates, 
the contact action would not be sufficiently intense, or extend far enough, to create 
an appearance of gradual transition, and the result w;ould be, us at Dalhousie, a 
sudden passage from slates to gnoissoso granite. 

I now pass on to offer some remarks in explanation of the diagrammatic 
sections attached to this paper (Plate). 

Section 1 has been taken (see map attached to this paper) through Dainkund 
and Tisa to the Sach pa8.s. 

The tertiary series does not come within'the scope of this paper, and the 
stratigraphy of the trap and the carbo-triiussic series hiis already been discussed 
in the jn’ecoding pages. I pass on to the ‘silurinii series. Along the section under 
consideration, the silurian beds, on both sides of Dainkund, are in noiunal se¬ 
quence. On the uorth-east of Dainkund we have the upper silurian conglomerates 
followed by typical Simla slates which pass into fine-grained silicious schistose 
beds. On the south-west of Dainkund, we have slates followed by fine-gi’aincd 
silicious schistose beds pa.ssing into mica schists. The silurian beds wora thrown 
by lateral pressure into folds, as indicated by the dotted lines, and squeezed to¬ 
gether until a fault was produced at Dainkund, and another further to the south¬ 
west, and a uniform dip in one direction was given to the beds. The gneissose 
granite rose along tho line of fracture at Dainkund, and the “ outer band ” also 
forced its way through the more westerly fallt between the carbo-triassic and tho 
lower siluriau bods. Tho upper silurian conglomerates, which to tho north-east 
of Dainkund were thrown into a compressed isocline, were to the south-west of 
Dainkund squeezed out in the flexures in which tho silurian beds were involved. 
To the north-east of the river Ravi, the upper silurian conglomerate has been 
thrown intO' compressed isoclines, the carbo-triassic limestones being caught up 
in a synclinal fold between the two isoclinal outcrops of the conglomerate. A 
synclinal flexure brings out tho silurian beds after the conglomerates. The 
Simla slates have disappeared in this section, their place next the conglomerates 
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below Tikri ‘ being taken by micaceons schistose rocks that crumble to a whitish 
soapy powder, indicative doubtless of the prosence of a hydro>mica. The slates 
hei*e may either have been more highly metamorphosed than those at Dalhousie, 
or they may have been squeezed out by local flexure and faulting. 

Continuing from Tikri along section A in a north-easterly direction the soapy 
schistose rocks are followed ^ by fine-grained (juartz schists, mica schists, and slaty 
mica schists occasionally passing locally into o’icaceous slates, and the.se rocks 
continue to near the top of the Sdeh pass. 

A south-westerly dip is set up in .the outcrop of the conglomerates on the 
northern side of the limestones, and it liecomes pronounced at the stream under 
Tikri; beyond this the dip rapidly flattens and becomes wavy until the top of tlio 
Sack pass is neared, when a high south-east dip is x-esiimed. This rapidly 
becomes perpendicular, and ultimately, on tlie north-east side of the jta,s8, the 
conglomerates dip under older silurian beds. 

Section II, through Dainkund, Hulli, and Chanju, differs in some important 
particulars from section A. As described in Part I of this fwiper, a band of trap 
crops out along the south-western border of the carbo-triassic limc.stones, and 
the latter are followed by silurian beds. In both those I'cspects, if we leave the 
outer band of gneissose gi-anitc out of consideration, the section north-east of the 
UAvi agrees with that south-we.st of Dainkund, and another fault must bo brought 
in to explain tho contigiuty of the earbo-triassic linie.stones with silurian beds 
somewTiat low in the series, and the (lisa])poaranco of the tra]) and conglomerates. 
A glance at section B will, 1 think, ifhow tlwit tho relations of tho several series to 
each other are not to be explained without putting a fault on the north-east 
border of tho limestones. From the limestones down to the gneissose granite the 
several series are in noruial sesqaence; tho carbo-tri.issics are followed by iufra- 
earboniferous trap; then conie"?! the upper silurian conglomerate wliicb, in its 
turn, is succeeded by^ Simla-slates aiyl then silurmn beds lower in tlie series. 
A synclinal fold would bring up t he tiiip and tho conglomerates again to tho' 
north-east of the limestones, iw in section* A, but the flexure having I’esulted 
in a fault, the trap and tho conglomerates have disapiieared. 

This section is, I think, an instructive ouo, and will help t<i remove difficulties 
in other localities. 

In tho Pir Panjal range the conglomerates occur in tho middle of tho slates 
(Memoir, p 241), and Mr. Lydekker, in viow of this fact, thought that “it cannot 
be taken as ceiiain that all the oonglomei’ates of tho Kdshmir valloy correspond 
to the Blaini conglomerate.” And again at p. 249 the author writes, “ they 
seem farther to indicate that tho Blaini conglomerate of the Simla district may 
either bo strongly developed at the top of tho series, or that it may occur less 
strongly developed among tho slates thomselves.” And again «.t p. 248, “ It is 
noteworthy that these rocks ” [tho supra-Kuling series] “ are not immediately 
underlain by tho Blaini conglomerate, showing the inconstancy of the petrological 
characters o^that member in these districts.” 

This apparent inconstancy, howover,*is, I apprehend, to be put down to the 
countless plications in which the Himalayan rocks have been involved; a glance 

, > Record*, XVI,*39. * Records, XIV, 307. 
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at the map attached to this paper will show that the conglomerate, which south 
of Himgiri (ITimgir) Is in contact with the carbo-triassic (snpra-Kuliog) series, 
is gradually removed to a distance of over 6 miles from it in the Chanju section 
by the interposition of silnrian beds lower in the series. 

The dip of the carbo-triassic limestones in the Hiilh section (section II) is 
north-east-by-north. The dip of the silnrians which succeed them is' vertical, but 
somewhat curved when the dip can bo traced for any distance down the mountain 
side. A north-east dip afterwards sets in which becomes south-west along the 
crest of the ridge. It wavei's fi’ora north-east to sOuth-west more than once, and at 
one place is high to south, but under Chdnju it settles down to south-south-west. 

A section drawn through Dihur (Duire) and Himgiri (see map) would differ 
somewhat from those already di'scribed, for the trap here crops out on the north¬ 
eastern boi*der of tlio carbo-triiissic series instead of as in the section through 
Hnlh, on the south-western border. 

A study of the Hulh and Dihur trap (see Part II of this paper) has led me to 
the conclusion that the dying out of the trap between Dihur and Bailaum (sec¬ 
tion A through Dainkund andTisa) is owing to the original limitation in the area 
of deposition. 

On a first inspection of the Bhandal-Dihur area I suggested (Records, XVI, 
41) that the fact that “ the trap does not occur Ijetween the carbo-triassic series 
and the npper-silurian conglomerate, on both sides of the limestone outcrop, may 
1 think be explained by the hypothesis of a fault between the limestones and the 
southern outcrop of the conglomerateand I expressed the opinion “ that we 
have in this section a crushed synclinal fold, with a fault along its axis, the 
compression of the folded strata having been great enough to produce a general 
conformity of dip.” 

1 think, now that I have reviewed the stratigraphy of neighbouring sections, 
tliat there is no need to call in the aid of a faidt to solve the problem presented to 
ns, and that it may be satisfactorily ^explained without one. Section V (Plate) 
represents a section drawn through Dihur in the direction of Himgiri, and IV 
and III sections dmwn parallel to V a little more to the north-west. The folding 
of tlio strata in sections HI, IV, and V is the same as that in section I. The 
explanation in all is that offered in my paper quoted above ; namely, that the local 
strata have been thrown into a “ crushed synclinal fold.” On both sides of the 
limestones the conglomerates have been bent into isoclines, and the limestones are 
caught up between them and bent into a ernshod syncline. 

In I the trap is absent, this section being beyond the area of deposition. 
Prom the predominance of limestones, arsd the absence of the carbonaceous ele¬ 
ment here, it seems not improbable that the sea was comparatively deep in this 
locality at thd end of the Silurian period when the volcanoes were in an active 
state. 

Section V represents the tailond of the volcanic deposition. The volcanic beds 
are thick op the north-east side of the limestone outcrop, and theyAhiu out to the 
south-west. 

■ In section IV we lye further within the area of volcanic eruption, but we are 
getting neai'er tlie Itoitom of the synclinal fold that is conceiimd with the upper- 
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Silurian conglomerates, and consequently the limestone outcrop (a crushed i^n> 
dine) is getting comparatively shallow. 

At III we have arrived at a further stage; the limestones have been squeezed 
out of the section ; the trap is doubled up upon itself, and is in contact with the 
conglomerate on both sides. 

In sections I*and II I have represented the silurian beds between the outcrop 
of the carbo-triassic beds north of the Bavi and Dainkund as forming a normal 
sequence, whereas in Part I of this paper I have suggested that in the Siul river 
section * “ the Simla slates aro-foldod np with older silurian beds in compressed 
isoclinal flexures.” 1 may as well point out in passing tliat there is no confu- 
sion or contradiction in these statements. A comparison of the diagrammatical 
section I with section II will show tliat oven along the same lino of strike local 
details change rapidly within the distances of a feiv miles. Along section II the 
Silurians in the valley of the’Bavi appear to have escaped complicated flexions, 
whereas in the valley of the Siul, in the same strike, they appear to me to give 
evidence of having been involved in them. 

Indeed the area near the junction of the Siul and the RAvi appears to have 
been a region of special strain. Lower-silurian beds (decided mica schists) extend 
from the stream between I'ipvi and Seru (Sairu) to tlie outer band of gneissose 
gi’anito; whilst in the Bhale (Balai) section (see ante, Part I) the slates between 
the inner and outer bandS of gnoissoso granite aro very micaceous and at Bhale 
ai-o decided mica schists. In section 1 through Dainkund the upper-silurian 
conglomerates have di.sappeared ; whilst in 4.Iio valley of the Ravi, opposite the 
mouth of Siul, the middle-silurians (Simla slates) are missing as well as the con- 
glomerates. T think the explanation is the same in both cases; namely, that the 
iipper-silurians* in the section tlirough Dainkund, and the upper and middle Silu¬ 
rians, in the Siul-Ravi section,•have been squeezed out in the flexions in which 
the strata have been involved. It i^ to bo noted that in the Siul-Rivi section, 
where both the upper and middle siliiriaris are missing, the Dainkund gneissose 
granite has reached its minimum development, being reduced to a narrow band 
of gneissose aspect, a fact which does not favour the hypothesis of the “ absorp¬ 
tion ” of the missing beds by the rising granite, or of their haying been meta- 
morphised out of recognition by contact action. 

I note in passing that though I have, for the sake of simplicity, in the dia¬ 
grammatical sections I and II, represented the upper-silurians as unbroken beds 
of conglomerate, I by no means overlook the possibility that they may (Kintain 
slates of a slightly higher or lower hori" The plications in which all these 
rocks have been involved have been vei^ great, whilst fossil evidence is nil. The 
cofiglomcritic series is not uniformly conglomeritic, and therefore the probability 
of other beds, slightly higher or lower than the conglomerates, having been folded 
up with them, is very great. Further observations on this subject will be found 
in part I of this paper. • 

I desire to point out, in conclusion, that the inference must not be drawn from 
any remark made in the preceding pages, that I deny the existence of true meta- 
morphio gneiss in the North-Western Himalayas. In a recent paper 1 hare 

^ ^ Tbe Siul I'uni under Blmle (Bnki) nnd Manjeru. 
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distinctly indicated my belief that some of the crystalline rocks in the North- 
Western Himalayas are metainorphio gneisses,^ and the fact will be definitely 
asserted in a paper on the section from Simla to Wangtu that will appear in a 
future number of the Records; but I think it would be a grave error of judgment 
were we to allow the presence of metaraorphic rocks of this character in tho 
Himalayan area, to blind our eyes to what appear to me to bo the leading facts in 
the past history of he Himalayas; namely, that volcanic eruptions on a largo scale 
in upper-silurian and low'er carboniferous times were followed by a gradual sub¬ 
sidence of the Himalayan area which lasted through several geological ages. A 
period of elevation which has not yet terminated, then f^et in, during which the 
strata, that had accumulated daring tho period of subsidence, were crumpled and 
compressed to an etiormous extent; the pei’iod of elevation being marked by a re¬ 
kindling of the volcanic fires, the gneissoso granite of the North-Western Hima¬ 
layas misnamed “ central gneiss ” constituting tho deop-scated portions of com¬ 
paratively modem eruptive rocks. In shoi-t, tho past geological history of the 
Himalayas is inseparably connected with volcanic activity. 


Mcmortindu'oi on the probability of obtaining -water by means of Artesian Wells 
in the plains of Upper India, hy R. D. Olj)HAM, A.R.S.M., GeologicMl Survey 
of fndia.^ 

In the broad plains of Upper India the need of an abundant supply ot pure 
water must always bo felt, and it is consequently not surprising that in tlie searcli 
for it borings have been sunk to greater depths and prosecuted with greater 
ardour than any that have been sunk in the search for coal. Of the many papers 
and reports bearing on this question, T do not propose to discuss more than the 
one published by Mr. Mcdlicott,® whore |.lio nossibility of making a successful 
artesian well is discussed on the not unnatural assumption that there is a conti¬ 
nuous zone of gravel and sand deposits, comparable to those of the bhdbar, 
sepai'ating the clay deposits of the alluvium from the rock below. 

2. In the cose of alluvial deposits, sucli as those of the rivers of the Indian 
peninsula, which have been formed as the land gradually sunk, a zone of coarse 
deposit will be found lying immediately upon the rock ; but with the Gangotic 
alluvium the conditions are different, inasmuch as we have ample reasons for 
believing that the Himalayas were raised pari passu with the depression of the 
plains; and in this memorandum I propose to enquire how this would affect 
the assumption made by Mr. Medlicott in ^is memorandum already referred to. 

3. Many different theories of mountain formation have been propounded at 
various times and by various authors, the latest of which is that of the Rev. 0. 
Fisher, which demands that flanking every mountain range subject to denudation 
there should be a corresponding, depression in which deposition is taking'place, 
that tho depression should extend by encroaching on the land separated by it 

‘ Hecords, XVII. pp. 60 and 70. 

* With thia paper aliould be read tho one following, 

> Record*, XIV. p. 206. 
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from the mountain range, and that at the same time the deposits formed on the 
skirts of the mountain range should be gi'adually elevated and exposed to 
d|nadation. To take the case of the Himalayas, the mc^taiu range would at 
first be small, and the corresponding depression also small; but, as the elevation 
of the HimalayttS proceeded and the Gaugctic depression increased in depth and 
width, the deposits formed along the foot of the hills would be disturbed, 
elevated, exposed to denudation, and form an integral portion of jLhe Himalayan 
range ; this encroachment of the hills on the plains would, however, be more than 
balanced by the encroachment'of those on the land to the south, so that as the 
Himalayas inci*eased in height, the Gangetic plains increased in width and the 
alluvium of which they are composed in thickness. Mr. Fisher has not followed 
up his theory beyond the gi’owing stage of a mountain range; but, however inter¬ 
esting it might be to be able to prophecy the decay and extinction of the Hima¬ 
layas and the plains of Hindustan alike, it would have no practical bearing on 
the question 1 am now considering, and I shall confine myself to enquiring whether 
the known facts tit in with Mr. Fisher’s theoiy as far as he has carried it and, 
secondly, how, if true, it will aJfect Mr. Medlicott’s fundamental assumption. 

4. in the firet place, are there any indications that the alluvial deposits extend¬ 
ed further north than they now do ? Most certainly there are ; for there can be 
no reasonable doubt that the Siwalik beds were the bhdhnr deposits of their day, 
and that the ground they now occupy must have formed the northern margin of 
the Gangetic plain. But this does not sum up the whole of the matter ; in every 
section of the Siwalik that has been examiifed we find at the base beds in which 
clays preponderate, and above these comes a great thickness of sandstone which 
passes upwards into conglomerate. 

6. At the present day there ai^ everywhere along the foot of the hills great 
banks of shingle formed by the streams whose velocity is checked as they issue 
from the hills, below the shingle come great stretches of sand, and beyond these 
again is the clay of the alluvial deposits proper. But as the shingle banks ore 
added to, tliey must encroach on the sand, and this again on the clay deposits, and 
in course of time a section precisely similar to that to be seen in the Siwaliks will 
be produced, from which we may conclude that then as now the coarser deposits 
were being pushed forward from the north over the finer. 

6. Nor does the strip of hilly country occupied by the Siwalik beds represent 
the whole of the southward encroachment of tho Himalayas, for, close up against the 
older rocks of the Himalayas, we find sandstones and clays, which could not have 
been formed in that position, but must originally have been separated from the 
hills by a strip of country on which the streams deposited their coarser debris. 
From these facts wo see that even the boundary of the Himalayan slates does not 
mark the original southern limit of the Himalayas, Imt that it must be placed 
somewhere, though not necessarily very far, to the north. To judge by analogy, 
it must have been on tho average at least twelvfl miles fui-ther north in Ndhan, 
and six in Middle Siwalik times, than the present main boundary of the slates 
and the Siwalik. 

7. In the light of these facts, the assumptions that thgre is a coniinuons zone 
«if coarse ^positSj continuous with the existing bhdbar, next to the rock floor of 
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the Gangetic depression, and that the deposits will become coarser on the whole 
as wo sink into the aUavium at any point are not justifled. At first, doubtless, 
coarser deposits were 4^erlaid by finer ones, and in the southern margin, where tha 
land has sunk and the alluvium spread over it, this still takes place, but at the 
northern margin,—and it is with this alone that we are concerped,—the coarse 
deposits hare for long past been pushed forward over the top of the finer, and all 
direct connection with the coarse-grained bottom bed cut off by the elevation of 
the strata wo now call Siwalik. 

8. The only means wo have of testing those suppositions are the Ambala and 
Calcutta borings. According to the hyjjothesis 1 have put forward, the beds 
should become finer on the whole, as a greater depth was reached in the firat case 
but coarser in the second. With regard to the Calcutta boring,’ an inspection of 
the record will show how markedly this is the case; in the Ambala boring the 
finding pebbles low down might be held to disprove the hypothesis ; but, as far as 
I can make out, they were merely occasional small pebbles never forming shingle 
properly so called ; and the table (given below ®) of the thickness of sand and clay 
passed through in each hundred feet shows clearly that the deposits did on the 
whole inci-ease in fineness with the depth reached ; for, while in the first 400 feet 
sand was in excess of clay, during the next 300 the thickness of clay was greater 
than that of sand, and the proportion of clay throughout the section increased 
steadily till in the last 100 feet there was but 7 feet of sand in all. 

9. Since, then, the sections met with in these boring.s arc so strikingly in record 
with what, according to hypothesis, they should bo as almost to amount to proof, 
it is extremely probable that, as indicated in § 7, there is no stone of coarse per¬ 
meable deposits continuous with those of the bhdbary and that in consequence 
there is but little prospect of obtaining water, except in small quantities, by means 
•of artesian wells in the plains of Upper India. 


Farther consider at if me upon Artesian sources in the plains of Upper India, by 
H. B. Medlicott, M.A,, (Jeological Survey of India. 

'In the foregoing paper Mr. Oldham makes use of the artesian question as a 
peg whereon to exhibit a very neat combination of theory and olwervation to 
elucidate the foi*mation and resulting striictnre of the Sub-Himalayan deposits, in¬ 
cluding those of tho great alluvial plains, in their I'elation to the growth of tho 
mountains themselves. I am glad to have afforded the opportunity for so in¬ 
teresting and instructive a discussion, and glad also for the occasion it gives me 
in return of adding some further considerations upon the same subject; it is 

* Rec, Vol. Xrv,p.22l. 
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however very needful to point out that criticism, both in its positive and its 
personal aspects, is quite too serious a responsibility to be treated as a lay*figure. 
It is easy to show that the dummy set up, to be so expertlyrknocked down again, 
never occupied the position assigned to it in the place whence it was taken. The 
condition in qu&tion—a continuous zone of gravel and sand deposits comparable 
to those of the bhdbar separating the clay deposits of the alluvium from the 
rock below—^may in Mr. Oldham’s opinion be necessary to thoi success of arte¬ 
sian borings, and he is of course entitled to maintain it, but he was not warranted 
in representing it as “ the fundamental assumption” of the paper he referred to. 
That condition is indeed there quoted as theoretically most favoumblo, especially 
as affording assignable limits of depth, but by illustration and example it is 
abundantly shown that success does not depend upon the supposition of which 
that condition would be the result. 

2. The study of Mr. Fisher’s admirable work* had the same effect upon me 

as upon Mr. Oldham, up to a certain point, to upset a supposition of primary sim¬ 
plicity regarding the undergi’ound conditions of the great plains ; but as I had 
never held or represented that supposition to be essential to the existence of arte¬ 
sian sources, there was no occasion to proclaim a correction that might discourage 
a project whiqji I hold to be quite independent of that particular arrangement. 
I did not however fail to i^pi-esent the whole case on the first opportunity, and 
to indiqfi.te its bearings on the question of artesian sources, in a geological paper 
writteja two years ago for the Gazettper of the Punjab, but which has not yet ap¬ 
peared. The following paragraphs (3 to II) are reprinted verbatim from proofs 
that were set up in 1883. * 

3. ” We havQ still to notice the depth or thickness of these deposits, as a point 
of practical as well as of speculative interest. The surface deposits belong every¬ 
where, as we have seen, to the human period. In a cutting near the head of the 
eastern Jumna canal, Colonel Cautley dflg out a fossil town.* Everything below 
is concealed. It would seem that near the ‘ outer’ margin, i.e., on the Himalayan 
side, of the plains a very close limit to the age of any beds conformably under¬ 
lying the recent alluvium should be assignable; for the topmost beds of the 
Siwalik series, of latest pliocene age, if not pleistocene, are tilted up vertically; 
yet they are indistinguishable in composition and texture from the actual river de¬ 
posits. Disturbance of such magnitude must, one would think, have extended to 
some distance south of these outcrops, and thus have involved total unconformity 
of the Siwaliks with any beds that are still undisturbed, within a considerqble 
distance. If this were so, it would follow that any beds conformably underlying 
the surface deposits in the neighbourhood of .|he Himalayan margin must be long 
post-Siwalik. But, as will presently be shown, the disturbance tq which the up¬ 
heaval of the Siwaliks is duo probably extended to only a small distance from that 
margin. 

4. ” Far from the mountains, anywhere within the protecting influence of the 
underlying hard rocks of the peninsuh^ it is evident from what has been said 
that the plains deposits might be in unbroken sequence with the whole tertiary 

* Fliysics ol the earth’s crust, by the Rev. Osmond Fished London,' 1881. 

* Journal, Asinfio Society, BeiigHi, 111, p. 43, 1834i. 
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systeni; anil on this ‘ inner ’ border of the plains even at the small depth to ivhich 
observation has access, beds having some small comparative antiquity occur in 
close relation with the surface deposits. In the lower reaches of the Jumna, 
between Agra and Allahabad, where the river has eroded its channel to a depth 
of 100 feet below the level of the adjoining plains, bones of extinct forms having 
some affinities with those pracured from the upper Siwalik strata have been found 
in perfectly undisturbed clays. 

5. “ Any sui’mise upon the underground features of the plains deposits can 
only be derived from the view formed of aiitecedeht conditions as indicated by the 
features of adjoining areas. On the peninsular side there is good evidence to 
show that, so far back as in immediately pretertiary time, the drainage floyved 
from the south towards what is now the Gangetic basin: the whole northern 
scarp of the Vindhyan plateau existed at that time jn approximately its present 
position. The Deccan trap poured over that scarp on to the gneissic area of 
lower Bundelkhand. How far it may have flowed over the low ground in that 
direction it would be impossible to say; on the plateau it does not seem to have 
reached so far north as Gwalior. The total absence of any remnant of tertiary 
rocks on this border of the peninsula suggests that it was then out of the reach 
of deposition, rather than that all such deposits have been since rqproved ; but it 
would seem pretty certain that this drainage basin wa| part of that in which the 
eocene rocks of the Himalayan border were laid down. Only the lowpr stage 
of that series is marine; and the muddy character of those beds, contrasting 
with the clear limestones of the same age in the western Punjab, suggests 
estuarine conditions requiring a southern bank far to the north of the present 
south boundary of the plains, and of course also a limiting land in the actual 
Himalayan area. Already in nnmmulitic time these marine bottom-beds 
became mixed with and soon |iermanently replaced by others of distinctively 
Sub'Himalayan characters, consisting t'f fluviatile deposits with terrestrial 
and fresh water fossils; and these conditions have lasted throughout the Si¬ 
walik epoch to the present day, for, as has been said, the top Siwalik strata 
seen at many places in the Panjab are absolutely indistinguishable from those 
of the plains. These middle and upper tertiary fluviatile deposits were inde¬ 
pendent of the sea level, and would have spread over the whole basin ac¬ 
cording to its contour, and equally to the south in the valleys of the northern 
slopes of the peninsular area now concealed beneath the plains. From the fore¬ 
going observations it would appear that the Sub-Himalayan eocene marine basin 
was probably a narrow one; but that^ the supervening upper tertiary fluviatile 
deposits may have stretched southwfiirds to an indefimte distance. 

t). “ To the foregoing consideration of the original conditions of the basin, there 
must be added what can be said regarding the Himalayan disturbance as affect¬ 
ing the floor, and therefore the whole condition, of the plains deposits. The ex¬ 
treme unconformity already mentioned as occurring between the horizontal plains 
deposits and the vertical Siwaliks along,the Himalayan border, does undoubtedly 
establish an immense lapse of time (as reckoned in historical periods) between the 
two. But the infei'ence as to how far this condition of unconformity extends 
beneath the plains to the south of the actual boundary depends upop the view 
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taken of the process of disturbance. It is difficult to resist the prirnd facie im¬ 
pression, from the sight of an immense thickness of stratified rock turned up on 
end that great violence must have attended such results, and hence that the 
effects must have extended to far bejond the point where such intensity is ex¬ 
hibited. It was upon such natural impressions that the cataclysmal theories of 
the early geologists were founded. In the present case, the plausible supposition 
from such a point of view would be, that an elevation of the Himalayan area, coin, 
oident with the contortion of the Siwalik strata, had first resulted in a great valley 
of erosion from the mountains- to the sea, forming a olean-swept basin for the de¬ 
posits which now form the plains. 

7. “ To give meaning to this seemingly useless discussion it may be well to 
point out that it forms the only rational approach to the practical question often 
asked—where in the plains and at what depth would there be a prospect of success 
for an ai'tosian boring ? If fhe supposition just noticed might be counted upon, a 
very favourable answer could be given to this question. The base of the deposits 
would then be everywhere within reach; that base would generally consist of 
coarser materials, such as would form a capacious water-stratum; and it would be 
in continuous connection with the present upper zone of gravel beds at the foot of 
the hills, where copious absorption of water occurs. 

8. “ Oarefhl observation and reflection are, however, against that prirnd facie 
supposition. It will be*8hown that before the disturbance of the Siwalik rocks 
(i.e., dhring the Siwalik period) the Himalayan rivers, great and small, flowed 
just where they now do in the mountains ;,so that there is nothing to support the 
supposition that any great elevation or ^olent movement of any kind accompanied 
the disturbance of the Siwalik rocks ; for they probably were tilted up so slowly 
that the main nvers could pari passu erode their gorges across the rising strata. 
Another fact of corresponding Import is found in the form taken by the Siwalik 
strata under disturbance. The duns, or .longitudinal valleys occurring so constant- 
ly inside the Siwalik ranges, are generally formed of the topmost Siwalik strata 
in a more or less horizontal condition, rising by a gradual increase of dip to form 
the range outside the dun, while on the inner side they cither abut abruptly 
against the rocks of the inner range, or else are bent up sharply to form that range^ 
Such a feature strongly suggests the probability that the final limit of the dis¬ 
turbance may be no less abi’uptly marked; so that beyond the extreme verge of 
the vertical Siwalik strata, these same strata may have remained permanently in 
their original gentle slope of deposition, and would thus be in conformable se- 
quence with the most recent deposits of the plains within a very short distance of 
the hills. It is independently intelligible that the slow compressing force to 
which the bending of the strata and the consequent rise of the hills were due, 
would expend itself to the utmost on each flexure before giviii^ rise to a new 
one. 

9. ** Such a process would of course involve great erosion of the Siwalik 
strata in the immediate region of upheaval; and there is abundant evidence of 
this, not only in the river gorges and tITe deep ravines of the minor streams, but 
along the whole outer edge of the hills, where, as a rule, the uppermost gravel 
beds of th^ plains rest upon the edges of low Siwalik strata near the axis of the 
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flexare, the whole of the outer and steeper side of which has been removed^ 
Under the supposed conditions of disturbance this denudation would not have 
reached far; so that within a short distance there might be completely conform¬ 
able sequence between the Siwalik deposits and those of the actual plaina 

10. “ One important direct obserration has been made upon the underground 
constitution of the plains, in the boring for an artesian spring at Ambala to a 
depth of 700 feet. No gfravel bed or other water stratum was mot with, and the 
boring ended in stiff clay. If this section could be taken as representative, it 
would be conclusive evidence against the supposition of these deposits lying in a 
simple post* Siwalik basin of erosion; for the bottom of such a basin must at 
Ambala be within a much less depth than 700 feet, and the basal beds in such a 
basin must as a rule be coarse, porous, and water bearing. It is easy to explain 
a possible exception to this rule; and Ambala is just in the position where such 
an exception would be most likely to occur. It is a6out 20 miles from the foot of 
the hills, and this is beyond the distance to which gravel is now swept by the 
small streams and the lain-wash on the steeper slopes near the hills. It is only 
within the range of the great rivers, in the deeper parts of the supposed basin of 
erosion, that coarse deposits must occur somewhere in almost every section, es¬ 
pecially at or near the base; and in river-fonnod deposits such as these, the range 
of the gp'cat rivers embraces in time more or less the whole area. Ambala, about 
midway between the Jumna and the Sutlej, and so neat the hills, is justrin the 
position most likely to escape that influence, as the whole growth of deposits might 
bo directly from the hills, or by overflow of finer sediment from the main rivers. 
In this way there might be nothing ♦,hero to mai-k the bottom of the basin or 
surface of erosion in so small a section as that given by a boring; and thus the 
passage from the recent plains deposits into btds of such similar composition as 
are those of the upper Siwaliks would not be noticed. It can however be affirm¬ 
ed that the boring did not reach beds that bad undergone aay considerable dis¬ 
turbance, for the frequency of alternation of beds in the lower part of the boring 
was as great as in the upper part, whereas a very moderate tilting of the lower 
beds would have given a perceptible apparont thickening of the several strata 

j)asscd through by a vertical boring. 

11. « There is yet to be taken into account a consideration of great weight 
in this discussion. It was long ago suggested by^Herschell,' in seeking for a 
prime mover of the forces by which crust movements are efEected, that the fami¬ 
liar process of denudation by the continual removal of matter^from steep elevated 
tracts and the deposition of it in adjoining low ground, evidently disturbs the 
equilibrium of sti'ain beneath those areas, causing a tendency to elevation in the 
former and to depression in the latter. Becent researches npon the nature of the 
earth’s rigidity entirely confirm that inference; and it is the obvious explanation 
of the constantly observed fact of depression in deltas. Borings in the delta of 
the Ganges at Calcutta have discovered land surfaces far below the present sea 
level. Now these conditions occur in a very concentrated form along the fringe 
of the Himalayan border. An enormouii amount of detritus is annually swept 
down from the mountains, a relatively large proportion of it being from the 

* Iti note I to Ustblmge’s Ninth Bndfifpwater Trentisr, 2nd edition. 
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softer rocks of the Sub^Himalayatt hills; and a relatively large proportion of that 
detritus is deposited in the upper marginal region of the plains. It thns becomes 
a matter of certainty that depression to an unknown extent has taken place in 
this latter area. This view considerably modifies the inference to be drawn 
regarding the lower beds in the Ambala boring as baaed on the supposition of 
extensive elevation and erosion, The probability would now seem to be that the 
boring did not reach beds of Siwalik age. It is evident that these later conclu* 
sions regarding the underground relations of the plains* deposits render more 
difficult than ever any speculation as^to the position or depth of an artesian 
source, although by no means shaking the probability that such, sources occur 
there.’* 

12. These last words show how little dependence was placed upon the hypo* 
thetical condition of a continuous post-Siwalik surface of erosion covered by coarse 
deposits beneath the alluvitfm of the plains. Thus, from quite opposite sides, 
though from the same suggestion of a slow rising of the mountain area and 
depression of the adjoining region, Mr. Oldham and I have independenly shown the 
non-existence of the condition which he has characterised as the fundamental 
assumption for the success of artesian wells. Although in the paper under refer¬ 
ence I gave ample proof that no such condition was necessary, I must plead 
guilty to having myself exaggerated not only the chance of its occurrence, but 
also its importance. Frohi figure 1 of the experimental results (2. c., plate fac> 
ing pdl'o 207), it is apparent that any approach to a complet3 fulfilment of that 
condition would be fatal to success as affording equal capacity for percolation 
throughout, and therefore no compulsjiofi to a rise, beyond what might be due 
to variation of slope. The proclivity to exaggerate the importance of this con¬ 
dition is the desire to make sur»'of porous deposits throughout, and their conti¬ 
nuity from the source of supply; but it is plain that sufficient assurance on this 
point may be established without the ojsumption in question. 

13. In the first place there is much misapprehension as to the facts of porosity 

and percolation. Although the statical pofosity, the capacity for holding water 
in the interspaces, is the same in granular bodies whether the grains be large or 
small, the dynamical porosity, the facility of percolation, is much greater in the 
latter case, because of the much less surface of contact involving friction. Thus in 
the experiments described in the paper under reference, ths discharge from the 
pipe (fig. 1) was 12 cubic inches per minute when filled with large shot (B. B,), 
and only 5 when filled with small shot (No. 8), the discharge from the same 
pipe when free being 322 cubic inches. A great mistake is however made in 
applying this fact to rocks. Conglomerates and gravels are not, except very 
rarely, made up only of large and small stones; there is always a matrix, gene¬ 
rally of sand; so that in point of fact, gravel is less porous than sand, for every 
pebble is so much potential porosity abstracted. Sand of some sort is there¬ 
fore, in every case, the effective medium of percolation. The maximum or 
normal porosity of a body composed of equal spherical grains, is about 40 per 
cent.* • 

* The Ganges sand at Narora is stated by Colof^el BrownloWf to absorb 2'5 gallooi of 
water to tLf cubic foot, i.e., 40 per cent. 
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14. Next as to distribution: from Mr. Oldham’s rough statement of the case it 
would be understood (though of course he did not mean it) that only clay depo* 
sists take place at a distance from the upper margin of the plains, bat as a fact 
it is certain that the great rivers bring down sand in abundance to the veiy 
delta. In the total burden of solid matter discharged from the jnountains, sand 
is certainly the chief ingredient, and 1 do not see how it can be doubted that such 
deposits were more or less freely continuous throughout the areas over which 
these rivers sprSad. The occurrence that took place last year in sinking a well in 
the Ganges for one of the piers of the railway bridge at Benares, when the 
well was bai;st by a sadden influx of water from below a bed of clay rising 
to a greater height than the river water outside the ’well, proves that partial 
artesian conditions exist at shallow depths, near to the lower margin of the 
plains. It is in the areas of tranquil inundation between the great rivers that 
deposit of clay prevails. The alternation of the twcTkindsof deposit is secured by 
the necessary process of growth whereby depositing rivers must in time change 
their course impartially over their basin of deposition. In taking the Ambdla 
boring as a type of what may be expected in the plains, Mr. Oldham has ignored 
how peculiarly its position excludes it from being taken in that sense as is ex¬ 
plained above (§ 10). In sinking the piers of the Jumna bridge east of Ambilla 
at the same distance from the hills, large boulders were found at ‘40 feet below the 
bed of the river. It is no doubt conceivable that ev^ in the open plains some 
spots may have successively escaped any adequate amount of sand deposits^ during 
the repeated oscillation of the great rjvers; but on this point also much mi^ppre- 
hension exists as to what occurs in natifje. In an official discussion upon this ques¬ 
tion, it was urged that the possible porous layers in these deposits would be re¬ 
presented by long strips corresponding with the.courses of the gretft rivers, the idea 
being taken from the rivers of Upper India as now exhibited. But this is mislead¬ 
ing ; for these rivers now for the most part run in valleye of erosion, and are not 
adding to the adjoining plains. The state is very different under formative condi¬ 
tions, when the river in flood runs at the general level of the country and distributes 
its branches over a wide area, as is now the ease with the Brahmaputra in Upper 
Assam. I therefore maintain that there is a strong presumption that porous beds 
do occur at various depths over a large proportion of the plains, and that they 
are almost necessarily in connection with like deposits up to the base of the 
hills. 

15. Any one who has realized the process of growth of the plains deposits as 
indicated above, can have no difficulty in meeting the objection suggested by Mr. 
Oldham as to the state of things at the origin of’the deposits, which is the 
third condition of success. Even granting his main contention that as the 
mountain bordenrises or the plains are depressed there is a gi*owing tendency to 
widen the zone of coarser deposits by extension over fine deposits that had 
previously been laid down, the whole argument is only valid against the aforesaid 
fictitious "fundamental assumption." Though the ultimate general tendency 
may be as stated, it is quite certain that fiS^m the beginning the process was exceed¬ 
ingly irregular; that while the streams were pushing their coarser deposits in one 
direction, the finer deports in the oVher direction must have encroached upon the 
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coarser deposits of a previous period,^ and so the resulting structure of the de. 
posits in this region must be an entanglement of projecting wedges of coarser 
deposits between sheets of non-porous beds, thus producing the conditions most 
favourable for artesian sources as illustrated in the experiments given in my paper 
(l.c. p. 207)—& large sectional area of water-holding deposits at the head of 
supply, tailing off into beds of less capacity and between impervious beds. If 
there were any need to do so for the present argument, I think that a strong 
case might be made for an extension of the early post-Siwalik hhdbar much 
beyond the range of the actual bhdbar. The upper edge was certainly consi¬ 
derably nearer the plains originally than at present; for now it for the most part 
occurs along the axis of flexure, in contact with middle Siwalik strata, having 
overlapped the denuded edges of the Siwalik conglomerates; and it seems to me 
highly probable that in the^ early stages of Siwalik elevation, when the now 
buried conglomerates were under active denudation, the resulting bJiMar may 
have reached much beyond the present limits of this zone, beneath the finer de¬ 
posits of the present plains. I do not think that the fact of such depression as 
contemplated by Herschell or Mr. Fisher would practically have any direct effect 
upon the conditions of water percolation as originally established in the process of 
deposition. 

16. When I first noticed in 1864 (Memoirs III, pp. 182-5) that there seemed 
a fair for successful artesian borings in the Gangetic plains, although Sir 

John^Herschell’s pregnant suggestion was in view (l.c. p. 198), I did nob then 
consider the point which we have how ^wn to have little practical bearing on 
the question. My recommendation wa^msed on the general aspect of the con¬ 
ditions. In 18§7, a definite proj«(«£^ a boring at Ambala was referred to me 
for opinion. I then referred to a number of successful i&tesian borings in 
analogous positions, and quoted them as confirming my original recommenda¬ 
tion.* These examples were particularly instructive in showing how little did 
success depend upon any regularity in the (|pposits; how, among the promiscuous 
interlapping of fluviatile deposits, the continuity of water-bearing strata is somehow 
and in variable degrees sustained. Thus, when it came to the point, my recom¬ 
mendation rested chiefly on instances of success under like conditions, luthor 
than upon theoretical grounds. On the occasion of successful artesian borings at 
Pondicherry, I again took up the question and discussed it in a more systematic 
manner in the paper under reference {supra, XIV, pt. 3), giving numerous 
examples. That at Venice may again be referred to with advantage in the present 
connection. It is in a deltaic area, below a broad bhdbar zone which rests against 
disturbed pliocene strata at the foot of the Alps, the features thus in every respect 
corresponding to those in the case under consideration. The area, too, is one of 
considerable depression; the boring begins at about sea-level, an^ several old land 

' Close to Hardwar, within the mouth of the gorge of the Ganges through the Siwaliks, a bed 
of stiff clay ia seen reating upon coarse boulder gravel. Memoirs, Vol. Ill, pt. 2, p. 153. In the 
Siwaliks themselves the outermost (highest) bdfis seen are alternating clays and coarse conglomer¬ 
ates dipping at 80° towards the plains. Ibid, p. 118. 

* The papers arc published in No. 178 of Selectiods from the Uecords of the Government of 
India, Houn Department, p. 47. / 
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surfaces were passed through to a depth of 400 feet. No coarse deposits of any 
kind were struck within the depth explored (422 feet), only clay and sand with the 
occasional layers of peat that had once formed the land surface. The copious 
water bed occurred in sand at a depth of 200 feet. The circumstances of the 
Gangotic plains difiPer only in respect of magnitude. This is nd doubt in itself 
presumably adverse, owing to the greater friction to be overcome in the percola¬ 
tion of the water^stcatum. On the other hand, these relative magnitudes are often 
self-compensating, and it would, I think, be a mistake to decline experiment in 
a matter of such importance for theoretical reasons' of uncertain applicability. 

17. After careful reconsideration of the whole case in the light of the rather 
imaginary difficuliy raised by Mr. Oldham, I have to reaffirm my conviction that 
there is reasonable prospect of success. 

18. It is most unfortunate for the cause that the experiments that have so far 

been made were fixed upon solely on grounds of local need, and not as in any degree 
favourable sites for testing the conditions. It has been shown above that Ambdla 
is in a position most likely to be out of reach of water-bearing deposits, compara¬ 
tively near the hills and midway, at a considerable distance, between the great 
rivers which are the vehicles for such deposits; and now a trial on a large 
scale is being made at Agra, for which I am in some degree responsible. 
I could not say there was no chance of success, but I did not fail to say it was 
about the last place I should choose for a trial boring. In discussing ^i^uj^estion 
with the engineer who was getting up the projects for the water-supply at ^gra, 
my written opinion was as follows Agra is not perhaps the most propitious 
position for a boring, and if I were sCh;*^iMg a series of experimental borings, I 
would not begin thera, because of its much proximity to tly|i south margin 

of the basin, while^he water-supply to be expected would, I think, be from the 
north. Although Agra is now at the lowest point of the basin, the hollow of the 
original depression was much more to the north, the < liange being due to the 
more abundant supply of detritus (1^ I’ain and rivers) fi*om the north, and the 
consequent encroachment and overlap of deposition from that side. Thus ‘the 
boring at Agra will be in deposits having a different source of oiigin from those 
through which the water-supply is expected; and although the strata are contem¬ 
poraneous and in the same basin, the continuity of porous or non-porous strata, and 
hence the connected percolation, may not be as free as if the boring were altogether 
in beds of northern derivation.” Subsequently, in answer to a formal leferenoe 
from the Government of the North-Western Provinces on the subject, I wrote 
(Ist December 1881)—” It only remains for me to say that the grounds of possi¬ 
bility and hope are sufficient to recommend anotheilf trial. In order of merit I 
would choose Bareilly, Shajehanpore, Fyzabad, and Lucknow as propitious 
positions. Begarcling Agra, I have already given an opinion, quoted in Major 
Jacob’s report on the water scheme for that place. Although holding that an 
artesian spring would not be hopeless there, I was careful to point out that it was 
by no means a propitious place for a new venture, on account of its great distance 
from the northern sources and its actuat proximity to the southern edge of the 
basin.” It is obvious that the friction difficulty will be at its maximum here, and 
the free connection with head of ^underground water at its minimuo^ On the 
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19th of February the boriog had attained a depth of 481 feet, with the section 
given in the following table. The thin bands of sand Nos. 30 and 82 are pro« 
bably isolated in the clay. The experiment certainly cannot be considered as fairly 
isompleted at this depth. ^ 


Section of Artesian boring at Agra, 1884-85. 


No. of 
bed. 

Thioknem of 
bed. 

Depth. 

• 

1 

16 


16 


Lnani. 

2 

10 


26 


8anil, loiiniy, with small kanknr. 

3 

10 


36 


„ loamy. 

4 

8 


44 

% 

„ tine. 

6 

19 


63 


Clay, loamy. 

6 

27 


90 


Sand, loamy (swoot water). 

7 

20 


110 


Kntiknr and suiid. 

8 

29 * 


139 


Sand, white, and sandstniio (wator brackish). 

9 

5 


141 


„ white with kuiikar. 

10 

22 


166 


Clttj, loamy. 

11 

68 


224 


9 » 

12 

56 


280 


„ loamy. 

13 

16 


294 


„ iiiid kaiiktir. 

14 

2' 

6" 

296' 

•6" 

Ktiiiknr. 

15 

16 

—V* 

6" 

6" 

298 

301' 

6" 

Clay, loamy. 

17 • 

] 


302' 

6" 

Kaiika'. 

18 

8' 

6" 

311 


Clay. 

19 

1 


312 


Kitnkar. 

20 

15 


327 


Cl y. 

21 

11 

\ 

338 


Sa(.;’4.*.“-"ty. 

22 

7 


S-l-S 


red, and kiitikiir (a little water). 

23 

15 


360 


Roam. 

24 

1' 

6" 

361' 

6" 

Kankar. 

25 

18' 

6" 

380 


Clay and kankar. 

26 

10 


390 


,, loamy. 

27,. 

4 


3.94 


» '• 

28 

• 2 


396 


Kankar. 

29 

44 


440 


Clay. 

30 

3' 

9" 

442' 

9" 

Sand rtinning, full of water. 

31 

23' 

9" 

467' 

6" 

Clay, loamy. 

32 

3 


470' 

6" 

Sand runninpr. full of water; soinr larg;o aiigiil.ir grains of 






quartz and felspar. 

33 

10' 

6" 

481 


Clay. 

34 


» 

• • • • ' 

•• 

Sand (dry), with small ferruginous concretions. 


Notes on the Geology of the Aka Hills, Assam, by Tom D. LaTouche, B.A., 
Geological Survey of India. (With a map.) , 

In December of last year (1883) I obtained permission to accompany the ex¬ 
pedition against the Akas, a tribe occupying the*.Lower Himalayas to the north 
of Tezpnr in Assam, beWeen the Bhutias and Daphlas. Although these hills 
had not been surveyed before, yet the oBservations made by Colonel Oodwin- 
Austen in the Daphla hills about 40 miles to t^ie east, and published by him in 

the Journal of the Asiatic Society of Bengal, Vbl. XLIV,* Pt. II, had shown a 

• ; 










1255 Records of' Hte Geological Sumy of Imlia, [vOL. xviii. 

sequence of rocks similar to that found by Mr. Mallet in the Sikkim area to the 
west (Mem. Geol. Surv., India., Vol. XI, Pt. I), and therefore it was probable 
that, as the Aka hills are physically continuous with those on either side, the 
same rocks would bo found,in them, and this I found to be the case. Represen¬ 
tatives of the rocks de.sci-ibed by Mr. Mallet as occurring in the^eesta valley, viz., 
Tertiary, Damtida, and Dating, were found in situ, and judging from the number 
of boulders of |;nei8S brouglit down by the rivers crossed during the exjredition, 
there is no doubt that this i‘ock forms a gi'eat part of the country to the north 
of the Dating scrie.s. * 

The first hills met witli to the north of To/pnr for*n>a long ridge on the south 
bank of the Borholi river, rising to 800 or 900 feet above the plains of Balipara. 
This ridge is of pleistocene age and consists entirely of an nnstratified dHftof 
well rolled boulders and pebbles derived from thwhills to the north, gneiss and 
gninite being the predominating rocks. Quartzites and hard sandstones from 
the Damudas and Tertiaries are also common. To the north of the Borholi, 
following the route taken by the expedition up the Diju streant, similar beds of 
di'ift form low hills and terraces on either .side of the stream for 7 or 8 miles. 
Tilts great accumulation of drift is probably the result of torrential action due to 
the greater extension of the Himalayan glaciers in post-tertiary times. 

About 8 miles from the Borholi, the Diju valley becomes naiTowcr, and beds 
of tertiary rocks are seen in situ on the banks of the stream. 're light- 

gny saudstones, with beds of shai. sometimes carbonaceous, much crushed and 
locally contorted, dipping to north-east at 55®. Further into the gorge other 
exposures are seen of micaceous fissile sandstone with shales dipping always at 
high angles to the north-east and boccmflfhj^jvortical at camp^Ro. 1, about 12 
miles from Dijumukh. In a largo boulder of, the sandstone in the bed of the 
slifaui, I noticed a fossil tree trunk about 1 foot in diameter, coated by a 
layer of lignito one inch thick, but one found no ligniic in silu, nor did I see any 
fossils. 

At camp No. 1, the path loft the Diju and led over a ridge about 1,200 feet 
fibf)vc the stream to camp No. 2 on the Maj Borholi. Owing to the dense jungle 
I »-ould find no sections of the rocks forming the ridge, but the fragments on the 
jiath wore all of brown ferruginou.s sandstone. 

In the Iktaj Borholi valley the rocks expossed wore entirely different from the 
soft tertiary sandstones of the Diju, and consisted of hard grey qnartzitic sand¬ 
stones intei’straLificd with carbonaceous shales and seams of coal, the whole much 
crushed and contorted. A good section was obtained in a snmll stream running 
nortb into the Maj Borholi at camp No. 2. Here the rocks were dipping at high 
angles to the south, and the following beds were exposed, in descending oi’der :— 


Fr.. Ins. 


Light coiourei’ qnnrtzilic sandstones, much jointed 
i^ltnlcs with bands of sandstone 1 to 2,feet thick . 
Coal, fairly constant iu thickness 
Hlack shales . . ... . . . 

Bark grey sandstefne . . . . . 

Hard dark coloured sandr shale#v , • • 


about 


% 


20 0 
46 0 
1 6 
8 0 
2 0 
^8 0 
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Ft. Ini. 

Coal, tbicknesi variable, mnch crusbed .... over 1 0 

Light grey coarse quartzite with strings of flaky Coal ... 60 0 

Dark coloured sandy shales ....... 50 

Coarse hard grey qnartzitic sandstone .... about 8 0 

Light collpured sbaly sandstone ...... 60 

Slack shales, centre portion very carbonaceous .... 40 

Soft grey micaceous sandstone ....... 14 0 

Hard dark coloured micaceous sandstone and sandy shales • 
with a thin seam of flaky coal at the base..... 25 0 

Hard grey quarlzitic standstone .... ? 


Above this section slips have occurred in the sides of the gorge, and whero the 
rocks appear again they are so much contorted and crushed that it is impossible 
to identify the different beds, or to form any coirect estimate of the thickness of 
the whole series. The Bor^oli above tho camp runs along the strike of these 
beds, and outcrops of carbonaceous shale and coal occur at intervals for about 
2 miles up the river; outcrops also occur on the north bank. On the return route 
from Jamiri to Balukpung, about 8 miles to the west, T wits unable to identify 
this band of coal-bearing rocks with certainty owing to the dense jungle, but 
near the camp between Jamiri and tho Borholi, we crossed somo carbonaceous 
shales on the same lino of strike which are probably a part of this series. These 
coal-bearing rocks aro identical in position and composition with the Damudas 
describe^ bv Mr. Mallet in the Sikkim area, and found by Colonel Godvviri- 
Austeii to the cast in the Daphia hills. 

From camp No. 2 the path led over a jungle-covered ridge to the north, 
rising to 4,000 feet above the Maj Borholi, and descended about 3,000 feet to tho 
Tonga Puni. B’^cks of a micaccovr slaty schist were common on the path, and in 
the Tenga PAni this rock was seen in situ, striking east and west, and nearly verti¬ 
cal. Somo of the beds were very fine-grained and fibsile, and might do for roof¬ 
ing slate, but their distance from the plains and the ruggodnes.s of the country 
between render them practically useless. Tj the iiorih of the Tenga Pani simi¬ 
lar slaty schists form the ridgo on which the Aka villages Mahdis and Labri.s 
are situated, rising to 6,000 feet above sea level, and extend to tho west to and 
beyond tho village of •Tamiri, where they aro silvery greenish mica schists, some¬ 
times slightly talcose. These rocks ai’e probably the equivalents of the Baling 
slates and schists of Sikkim, but I nowhere found any dolomitio bods or repre¬ 
sentatives of the Baza beds as described by Mr. Mallet. And as I found no sec¬ 
tions showing the junction of the Damudas and Balings, 1 cannot throw any 
light upon the question as to which of these series is the older.’ 

As to the practical importance of the coal scams in the Damudas, very little 
need be said. Even if the seams were thick enough to be worked, and not broken 
up and crushed as they are, their distance from the plains and the difficulties of 
transport would prevent their being worked with pirofit, especially as there are 
much larger coal-fields in Assam, and more easy’of access, which have never been 
touched as yet. Even in the Teesta valley, where these Damuda beds contain 
thicker seams of coal close to a line of railway, the attempts to work them have 
so far resulted in failure, principally owing to the crushed condition in which the 
coal occurs, the consequent necessity for a costly process to consolidate it. 
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Of other miiieral[products the country appears to contain little or none. The 
tertiary rocks contain a little lime which is here and there deposited as tufa by 
streams on the face of cliffs, and doubtless there are layers of lignite, but neither 
of those exist in'snflicient quantity to bo of any use. 


On the alleged tendency of the Arakiin Mud Volcanoes to hurst into eruption most 
frequently during the rains; ly F. 11. Mallkt, Deputy Suyerinteudent, QeologD 
cal Survey of India. , 

On the 10th December 1884 an eruption occuiTcd from one of the Chednlia 
Mud Volcanoes, concerning which wo havx* not as yet receiA’’ed any information 
officially. It was, however, witneRsed by Captain H. G. Creft, Commander of 
the British India Steam Navigation Company’s vessel Coconada, while passing 
through Cheduba Straits, and, in a letter received from him on the subject, Captain 
Creft describes the eruplion as having been “ of very shoit duration, not more 
than eight minutes,Ibnt while it lasted the ffames must have been quite 400 feet, 
accompanied with large volumes of smoke.” 

As mentioned in a previous volume,' a notion is prevalent amongst the Ara- 
kdn Islander'S that oniptions fi'om the rand volcanoes occur moi’o frequently dur¬ 
ing the rains than at other times of the year. Were Sj^ch an idea confined to the 
islands in question, it might possibly not be worth much iTivestgjjtf-vpi, but a 
very similar one is entertained wi+b rererence to the mud volcanoes of^Java, 
which are said to explode most violently in the wet season. The main object held 
in view in recording the Arakan eruptions is the collection of sufficient materials 
for putting the truth of such supposed pcr^'jiicity to the tes^ To generalise 
with safety, a far more extended record must be available than exists at present, 
but, pending the growth of such, it may bo of some interest to place together 
the materials which have been collected up to the jjr* -icut time. Altogether the 
dates of 13 eruptions ai’c accurately ,lcnown. 


ljOC«tiTY or VohCArfO. 


l)n(L' of Erupl’on. 


Upferenee. 


Near Kyank Pyu 
Near Fcn-lay'iia, Bainri IbIiiiuI . 

S. of Cbeduba P 
Near centre of Chednba 
South part of Cbc^iiba 
Minbyiu Circle, Cheduba 
Minbyin Circle, Cheduba (saiiic Vol. 
of 31-12-81). 

Cbeduba .... 


26th Aug. 1833 
3-1 A.M., 2.Sr.l March 1839 
11 P.M., 6th Fob. 1843 
7 or H A.M., 26th .Inly 1843 

6 or 7 P.M., 2ii(l Jnn*1845 
8-45 p M., 25th Oct. 18l<{ 

7 A.M., IDtli March 1878 * 
12tl^iirch 1879 

8 A.M.. 27lh Feb. 1881 
7-65 A.itf., 3l8t Dec. 1881 

23iil March 1883 
na that 8 A.w„ 28th April 1884 

10 th Doc. 1884 


Near Kynnk Pyu . . . . . 

Ditto . . . . . 

Ditto . . . . . 

Submarine, a little S. of FaNe Inland . 
Submarine, S. J B. from W. Darongn Talniid . 


Vol. XI, p. 197. 
Ditto. 

Ditto. 

Vol. XI, p. 198. 
Ditto. 

Vol. Xr, p. 199. 
Vol. XII, p. 70. 
Vol. XIIT, p. 206. 
\ol. XIV. p. 196, 
Vol. XV, p. 141. 
Vol. XVI, p. 204. 
Vol. XVII, p. 142. 

Vol. XVIII, p. 124. 


« VoU. XI, p. 201, and XII, p, 70. 

* There is no reason ta suppose tlia^ eruptions wore loss frcqnont between 1846 and 1878 than 


before and after tho.se dates, the gap bciiif? doubtless doe merely to the impcrfectiouof the record. 
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In the following table are given the number of eruptions that occurred in each 
month, and the average monthly rainfall at Kyauk Pyu (deduced from the obser¬ 
vations of 17 years)*:— 



• 





Eruptions. 

Average Montlilr 
ftHinfall. 

Ill 

• 

Jnnnnry 

, , 


• 


1 

. *10 


February 

• * 




2 

•06 


Murrh 





4 

• *30 

tf 

April 

4 




1 

•96 

l« 

May 

• 




0 

1012 

99 

June 





U 

41-72 

99 

July 





. 1 

46-62 

ft 

August 





1 

39-.39 

99 

September 





0 

21-23 

9» 

October 

% 




1 

10-41 

99 

November . 




• 

0 

4-19 

11 

December 


■ 



2 

■34 





'i’OTAT. 


13 

175-44 










From this it a])pcai*s Hint, out of .‘in iinniial rainfall of 176'‘I<4 inches, 173’G8 
inches fall in theso'ven moriths botweoTi the beginning of May and the end of Nov¬ 
ember, fjmil? only 1'70 fall in the five months betAveen the 1st of December and 
end of April. Of tho 13 eruptions I'J occurr5«l during tho five dry months, while 
only three took place during the seven Avet ones. The observations, therefore, 
ns far as they go, tend to suggest a concla.sion exactly tho reverse of that held by 
the inhabitants\)f the islands. If. is interesting to note in this connection that 
(as remarked by M. Dubois dopMontpereux)^ out of six eruptions from tho mud 
volcanoes near the entrance to tho .sea of Azov, tivo occurred lietAvoen the begin¬ 
ning of February and tho 10th of May, or at just the time of year when tho dates 
given seem to imlicate that eruptions froui*the Ainikjin volcanoes are most fre¬ 
quent. 

Although scarcely capable of being regarded n.s more than a curious coinci¬ 
dence, one cannot but notice the largo propoi'tion of eruptions which have occur¬ 
red within an hour or two of sunrise or sunset. At night, and during the hottest 
hours of the day, Avhen people are less out of doors, tho chance of an eruption 
escaping notice is pcrh.a]is somewh.at greater than at other times. 

Another point attracting the attention is that, while several of the earlier 
eruptions took place near Kyauk Pyu, nearly all tho later ones have burst forth in 
Cbcdnba, suggesting that the main focus of activity may have shifted during the 
last few decades. But the list is so imperfect, and so many eruptions may have 
escaped record, that any generalisation must bo regaided Avith the greatest cau¬ 
tion. , 

’ Report on tlic meteorology of India in 1883, p. 120. 

» Vol. XI, p. 201. Geologiciil Observer, p. 475. 
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Analyses of Phosphatic Nodules and Rock from Mussooi’ee; by F. R. Mallet, 
Depjity Superintendent, Geological Survey of India. 

In the last volume of the Records* an account is given of the discovery, by 
the Rev, J. Parsons and Dr. Wartli, of phosphatic nodules and rock at Mussooree. 
Their chemical examination was taken up by my colleague Mr. J. Jones, who 
made qualitative analyses of both materials, and had commenced quantitative ones, 
when a severe illness obliged him to suspend the work, which he was subsequently 
unable to resume owing to his leaving Calcutta for work in the field. As soon after 
my return from furlough as other dutie.s pbrniitted, therefore, I submitted (12 of) 
the nodules and the rock to quantitative analy.sis, with the results given below.* Mr. 
Jones’ estimations of the pliosphoric acid (the only constitnoiit he weighed) agree 
with those now given within one or two per cent., a result as close as could bo 
expected from the analysis of two different samples. ^How far the disci'epancy (in 
as far as the relative proportions of alumina and lime are concerned) between the 
composition inferred from Mr. Jones’ qualitative examination, and that given 
below, should be ascribed to want of equality of composition in the different 
samples operated ujxm, and how far to undue reliance being placed on more 
qualitative results, which circumstances prevented being checked by quantitative 
estimations, is perhaps open to question. 

Nodules. • Rock. 

Pliooplioric auliydride .... 34*70 = tfienlcic phosphate 30*16 = tri«SlWt!'‘phosphato 

'*«. 75*75. 6684. • 


Lime .... 

• 

. 46*42 . 


. . 39*21 

Magnesia .... 


. *30 . 


. *55 

Alumina - . 


1 3*60 . 


( 5*58 

Oxide of iron 



i 2*68 

Soluble silica 


. *20 . 


. • . *35 

Insoluble siliceofis matter 


] 9*57 . 


. 1606 

Barium sulphate . . . 


> 


Carbonaceous matter 


. *98 . 


. *92 

Loss on beating to 100C“ - 

• 

. “32 . 


. *53 

Carbonic acid, sulphuric anhydride, 

fluo. 4*01 


. . 3*96 

riiie, uiidct, and loss. 




-- 


10000 


100*00 


The amount of carbonic acid and fluorine in the nodnlos is greater than in the 
rock, only traces of fluorine occurring in tfie latter. This element was not esti¬ 
mated separately, and only a portion is included amongst the last-mentioned con¬ 
stituents. ThcfO is a somewhat considerable quantity of barium sulphate in the 
rock, much more than in the nodules. 

Both substances, and especially the nodules, are of high' standard as mate¬ 
rials for the manufacture of artificial manure. 

‘ Page 198. 

* It is nnfortanato that the eatimatlon of lime, given at page 64, which was made at a time when 
I was too fully occupied to undertake, or fully supervise ihe work, was published. The result, 
owing to the method employed, was not supposed to give more than a rouirh approximation, although, 
of course, the great discrepancy between the amount then obtiuned and that given below must be 
due to some error in annlysiji. For this, ‘however, the operator is in no way blameabli^ as he was 
quite a beginner at such work. « 
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ADDITIONS TO THE MUSEUM. 

Fbou 1st JiNVABT TO 31 ST Mabch 1885. 

IVo fossil turtles, lower eocene; one from 10 ft. below the coal at Nila, Salt Range, Punjab; 
and the othec, from above coal outcrop at Hillanwala near Dandot, Punjab. 

• Fbbsbntbo bt Db. H. Wabtb. 

Four specimens of fossil plants from Giridili, Bengal. 

Prksrntbd bt Mslt J. Woob-Masov. 

Specimen of a mottled quartzite from the Kharakpur hills, Monghyr. 

Pbesbnted bt Mb. D. Mobikb, Dubshaboa. 

Two specimens of native gold in caiespar, one with Malachite, said to be from one of the 
Khctri mines, Kajputuna. 

Pbesbnted by Db. J.E. Stbatton, Political Aoest, Jbtpub. 
Two specimens of grindstones oP Bardkar sandstone, one measuring 3' 6'' diameter and 6^ 
thick, and the other K/' diameter and 2" thick, quarried at Bardkar. 

Pbesentkd by thb Benoal Stonb Co. Ld., Howbah. 

A specimen of blende from Kashmir. 

Pbesenteo by Lieut.-Col, Sib Oliver St. .Tohn, K.C.S.I., R.E., Kashmib. 
Specimens of mica, garnet, epidofe, egeran, Ac., from the Tonk district. 

Pbesemtkd by Liect.-Col. W. J. W. Muiu, Political Agent in Habowtee and Tonk. 


• ADDITIONS TO THE LIBRARY. 

From Ist January to 3Ibt March 18S5. 

Titles of Books, Donors. 

Andre, George G. —A descriptive treatise on mining machinery, tools, and other appliances 
used in mining. ^ Vols. 4“ London, 1877—1878. 

Baylky, Thomas. —The assay and analysis of Iron and Steel, Iron ores and Fuel. 8“ London, 
1881. 

Bausuman, miary. —Text-hook of descriptive Mineralog}'. 8° London, 1884. 

Booth, ilY. Z.—The M.irble-workers’ Manual. Designed for the use of marble-workers, 
builders, and owners of houses. Translated from the French. S'* Philadel¬ 
phia, 1876. 

Bbonn’s Klassen nnd Oi'dnungon dcs Thier-Reichs. Band VT, Ahth. IV, Aves, Lief. 10; and 
Band 1. Protozoa, Lief. '28. 8° Leipzig, 1885. 

Bdce, Leopold von. —Gesamuielte Schriflen. Band IV, heft. 1—2. 8" Berlin, 1886. 

Bccheb, Charles JE. —Some abnormal and patliologic forms of fresh-water shells from the 
vicinity of Albany, N. Y. 8“ Pam. Albany, 1884. The Authob. 

Charlston, Arthur G. —Tin: describing the chief methods of mining, dressing, and 
smelting it abroad. With notes upon arsenic, bismutlf, and wolfram. 8” 
London, 1884. 

Cotta, Bernhard von. —Rocks classified and described*: a treatise on lithology. An English 
edition by Philip Ileniy Lawrence, with English, German, and French 
synonyms, revised by the anthor. New edition. 8° London, 1878. 

Datiosta, ZewiSi-^A translation of the Deewan Fusund, being a treatise on Agriculturs and 
Revenue Accounts; to which is appended a short essay on husbandry as 
* applicable to the province of Behar. 4° Calcutta, 1824. 
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Titles of Boohs. _ Donors, 

J)ana, Edward Salisbury, —A text-book of Minemlogy. Wit.li an exlonJi'd treatise on 
Crystallography and Physical Mineralogy. 10th edition. 8“ New York, 
1884. 

I)avid80N, Thomas. —Monograph of the British Fossil Brachiopoda. Vol. Y., pt., 3. (Pal. 
Hoc.) 4” London, 1884. ,* 

Ddpont, Edouard.— chronologic gdologique. 8" Pam, Bruxelles, 1884. The Ahthob. 

GaEHNBD, «/o^A —Monograph of the British Eocene Flora. Vol. II, part 2. (Pal. 

Soc!.) 4° London, 1884. 

GR-iHAH, David Allan. —A treatise on the cotftparative'commercial values of gas coals and 
eanncls. 8® London, 1882. 

Haoa, a. —Nederlandsch Nienw Guinea en do Piipocsche Eilanden. Historische Bijdrage 
1600-1883. 8" Batavia, 1884. The Bataviak Society. 

Hoc, M. —^Travels in Tartary, Thibet, and China, during the years 1844-5-6. Traualated 
from the French by W. ITazlitt., 2 Vols. 8'^ London, no date. 

Jones, T. Euperl, Eiukuy, James TV., antd Brady, Georffc <V.— Monograph of the British 
Fossil Bivnived Kntomostraca from the Caiboniferous formations. Fart I, 
No. 2 (Pal. Soc.) 4® London, 1884. 

Kinahan, G. JY.—Notes on some of the Irish Crystalline Iron Ores. 8" Pam. Dublin, ISS-l. 

The Apthor. 

„ Notes on the earthquake that took place in Essex on the morning of 

April 22, 1884. 8° Pam. Dublin, 1884. The Author. 

Kirkpatuicr, Colonel. —An account of the Kingdom of Nepaul, being the siiBslailte of ob¬ 
servations made during a mission to that country in the year 17y3. 4® 
London, 1811. 

Keel, Bruno.— Assayer’s Manu.al. An abridged treatise on the docimastic examination 
of ores, and furnace and other artifleial products. Trmslated from the 
German by William T. Brannt, and edited by William H. Wahl.* 8® 
Philadelphia, 1883. 

Lydsekkb, hiehard. —Catalogue of Vertebrate Fossils frotc the Siwaliks of India in the 

Science and Art Museum, Dublin. 4® Pam. Dublin, 1884. 

The, Author. 

„ Note on theflistribution in time and space of the genera of Siwalik 

Mammals and Birds. 8° Pam. London, 1884. 

The Author. 

„ Note on a new species of Mcrycopotamus. 6® Pam. London, 1884. 

The Author. 

„ Note on three genera of fossil Artiodactyla, with description of a 

new species. 8® Pam. Ijondon, 1885. The Authob. 

Benjamin Smith. —Topography of the Punjab CH Begion. 8® Pam. Philadelphia, 
1872. The Author. 

Marvin, Charles'. —The petroleum industry of Southern Russia. 4° London, 1884. 

Noetlino, F .—Die Fauna der baltischeu Cenomau-Gcschiebe. 4® Berlin, 1885. 

The Author. 

Faldontologie Franfaise, 1". Sdrie, Animauz Invcrtcbr^s. Terrain Jurassique, livr. 72*75. 
8" Paris, 1884. ‘ 

Quenstrdt, Fr. Aug .— Handbuch dcr Petrefaktenkunde. Auflage III, Lief. 19-20. ^ 
Tubingen, }884. 
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IHtles of Hooks. Honors. 

BECLua, Nonvelle Gdographie UniTorAclle Vol. X. L'Afrique septentrionale, Ira 

psrtie, Bassin du Nil. 8“ Pavia, 1884. 

ScRWABE, C. » 0 ».—Beport on the financial prospects of iron working in the Chanda diatriot, 
• dec. Pam. Calcntta, 1882. 

„ * Beports on iron working in the Baniganj sub«divi8ion of tke 

district of Bni'dwan in Bengal, flsc. Pam. Simla, 1882. 

SanwYN, Alfred Rj C. svd Dawson, George M. —Descriptive sketch of the physical geo¬ 
graphy and geology of the Dominion of Canada. With geological map. 
8® Pam. Montreal, 1881. Geo r.. and Nat. Hist. Sobvby of Canada. 

SdEbMsn, Sir William H .—A journey through the kingdom of Oude in 1849-1850; by 
direction of the Bight Hon’ble the Earl of Dalhousie, Governor General. 
With private coiTCspondence i-elative to the annexation of Onde to British 
India. 2 Vole. 8® London, 1868. 

Smyth, R Hints for the guidance of surveyors and others in collecting specimens 

pf rocks, Ac. 8® Pam. Melbourne, 1871. 

Spon, Rrnest ^ F. N .—Dictionary of Engineering, Civil, Mechanical, Military, and Naval. 

With technical terms in French, German, Italian, and Spanish. 3 Vols., 
Edited by Byrne and Spon. 8® London, 1874. 

„ Supplement to Spon's Dictionary of Engineering, Civil, Mechanical, Mili- 

tary, and Naval. Edited by Ernest Spon. 8® London, 1881. 

Syhes, Michael.—kn accouflt of as embassy to the Kingdom of Ava sent by the Governor 
' General of India in the year 1795. 4° London, 1800. 

Thomson, Sir C. Wgville, and Mdbb.iY, Report on the scientific results of the 

voyage of II. M. S. “Challenger" during the year 1873-1876. Vol. X, 
Zoology. 4® London, 1884. Seceetaby of State fob India. 

Tbyon, George yr.—-Structural and Systematic Conchology: an introduction to the study of 
the Mollusca. 1Philadelphia, 1882-1884. 

WooDWAUD, Henry. —Monograph of the British Carlouiferous Trilobites. Part 2. (Pal Soc.) 

' 4® London, 1884. • 

Weight, I'AoOTtiff. —Monograph on the Lias Ammonites of the British Islands. Part 7. 

* (Pal. Soc.) 4® London, 1884. 


PERIODICALS. SERIALS, Ac. 

American Jonrnal of Science. 3rd Series. Vol. XXVIII, No. 169, to Vol. XXIX, No. 170. 

8® New Haven, 1884-1886. The Editobs. 

American'Natnraliat, Vol. XVIII, No. 11. 8® Philadelpliia, 1884. 

Annalen der Physik und Chomie. Neue Folgc. Band XXIII, Heft 4, and Band XXIV, 
Nos. 1—2. 8" Leipzig., 1884-1886. 

Annales des Mines. 8™' Sdrie. Vol. VI, livr. 4. 8® Paris, 1884. L’Adhins. des Minbs. 
Annales des Sciences Naturelles. Botaniqne. 6“' Sdrie. Tome XIX, Nos. 1—6, and XX, 
Nos. 1—3. 8® Paris, 1884. 

Annales des Sciences Naturelles. Zoologio et Paldontologie. ^""Sdrie. Tome XVII, Nos. 3—4, 
8® Paris, 1884. 

Annals and Magazine of Natural History. S*** Series. Vol. XV, Nos. 86—86. 8® London, 
1885. 

• 




H 
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Titletof Books. Donor*. 

Arobiv fiir Naturgeachichte. XLVITI, Heft 6, and L, Heft 3—4. 8° Berlin, 1882 

and 1884. 

Athenaeum. Noa, 2981—2992. 4° Loudon, 1884-1885. 

Beibldtter zu den Annalen der Phyaik und Chetnie. Band VllI, Hu. 12, and Band IX. 
No. 1. 8° Leipzig, 1884-1886. 

Bibliothbquo Universelle. Archives des Sciences Physiques et Naturelles 3”"’ Fdriode. 
fTome XII, Nos. 10—11. 8" Geneve, 1884. 

Biblioth^ue Universelle et Revue Suisse, a™* Fdriodq. Tome XXIV, Nos. 71—72. 8“ 
Lnnaanne, 1884. 

Botunischer Jahresbericht. Jahrg. X, Abth. I, Heft 1 8“ Berlin, 1884' 

Botanisches Central Rlatt. Band XX, Nos. 10—13, and XXI, Nos. 1—8. 8“ Casael, 1881- 
1886. 

Chemical News. Vol. L, No. 1307, to Vol LI, No. 1318. 4° London, 1881-1885. 

Colliery Guardian. Vol. XLVTII, No. 1249, to Vol. XLIX, No. 1260, fob London, 1884- 
1885. 

Das Ausland. Jahrg. LVII, Nos. 48—52, and LVIII, Nos. 1—8. 4° Stuttgart, 1884-1885. 
Geological Magazine. New Series, Decade 3, Vol. II, No.s. 1—2. 8" London, 1885. 

Iron. Vol. XXIV, Nos. 622, to Vol. XXV, No. 633. Fol. London, 1881-1986. 

Jonrnal de Conchyliologie. 3™* Sdrie. Tome XXIV, No. 3. 8* Paris, 1884. 

Journal of Science. 3rd Sdrics, Vol. VI, Nos. 131—132. 8° London, 1881. Tub Editob. 
London, Edinburgh and Dublin Philosophical Magazine ai d Journal of Science. 5tli 
Scries, Vol. XIX, Nos. 116—117. 8* London, 1885. • — v 

Mining Journal, with Supplement. Vi:' LIV, Nos. 2572, to Vol. LV, Nos. 2583,. Kul. 
London, 1884—85. 

Naturse Novitates. Nos. 23—25 (1884,) and Nos. 1—3 (1885.) 8° Berlin, 1881—1885. 
Nature. ■ Vol. XXXI, Nos. 789—800. 4“ London, 1884 -1885. 

Neues Jahrbucb fiir Mineralogie, Geologic und Falseontologie. Jahrg. 18^, Band I, Heft 1. 
8” Stuttgart, 1885. 

fiir Mineralogie, Geologic und Palseontologie. Boilage-Band III, Heft 
2. 8" Stuttgart, 1884. 

Petermann’s Geographische MittheilungetK Band XXX, No. 12, and XXXI, Nos. 1—2. 

4“ Gotha, 1884—1885. 

„ Mittheilungen. Supplement, No. 76. 4® Gotha, 1884. 

Professional Papers on Indian Engineering. 3rd Series, Vol. 11, No. 8. Fisc. Enorkee, 1884. 

THOMASON COLtEOE OF ClVII. EnOINEBBING. 
Quarterly Journal of Microscopical Science. New Series. Vol. XXV, No. 97. 8° Loudon, 
1885. 

Zeitschrift fiir Naturwissenschaften. Folge 4. Band III, Heft 5. 8° Halle, 1884. 


' GOVERNMENT SELECTIONS, REPORTS, &c. 

AssiV.— Report ou the administration of the Province of Assam for 1883-84. Fisc. Shillong, 
1885. Chief Comuissioneb of Assam. 

BbnoaZi. —Quarterly Bengal Army List for Jenuaiy Ist, 1885, No. 91. 8° Calcutta, 1885. 

Gotbbmhint Fbintino Office. 

„ Report on the administration of Bengal, 1883-84. Fisc. Calcutta, 1885. 

Govbbnmbnt of Bengal. 
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7Hile$ tf Books. Bonort. 

OoMBAT.—Gazetteer of the Bombay Freaidenoy. Tola. XSI^XlSIII. 8** Bombay, 1886. 

Bokbat Govbbnkebt. 

„ Report on the administration of the Bombay Presidency for the year 1888-84. 

• Flso. Bombay, 1884. Bombay Govbbnhbnt. 

„ Selections from the Records of the Bombay Government. New Series, No. 165. 

Flso. Bombay. 1886. Bombay Govbbmmbbt. 

British Bubha.—R eport on the administration of British Burma daring 1883-84. Flee. 

Rangoon, 1884. ' Chibf Commissioner, British Burma. 

India. —Annual statement of the trade and navigation of British India with Foreign 
countries and the coasting trade of the several Presidenuies and Provinces, 
in the year ending Slst March 1883, No. 17. 4“ Calcutta, 1886. ^ 

Government of India. 

„ Progress report of the fSrest administration in Ajmere-Merwara for 1883-84. By 
A. E. Lowrie. Flso. Simla, 1884. Home Drfartmxnt. 

„ Report on the administration of the Hyderabad Assigned Districts for 1883-84. 

Flso. Hyderabad, 1884. Resident, Hyderabad. 

„ Meteorological observations recorded at six stations in India in 188'1^ reduced and 
corrected. June to October 1884. 4° Calcutta, 1885. 

Mbteobolooicai. Refobteu to Government of India. 
„ Report on the Mysoft census of 1881. By Lewis Rice. Fisc. Bangalore, 1884. 

• Revenue and AouicutTURAii Department 

• 

Indian*— Selections from the Records of the Govenuiieiit of India, Foreign Department, No. 

199. Fisc. Calcutta, 1885. Foreign Department. 

• 

Madras.— Report on the administration of the Madras Presidency during 1883-84. Fisc. 

oMadrae, 1884. Madras Government. 

Punjab. —District Gazetteers: Amhala; Amritsar; Bannu; Delhi; Dera Ghazi Rhan; Dera 
Ismail Khan; Ferozepore; Gujranwala; Gujrat; Guidaspur; Gurgaon; 
Hazara; Hisar; Hoshiarpur; Jalandhar; Jhang; Jhelam; Kangra; Lahore; 
Montgomery; Multan; MnzaiTargarh; Peshawar; Rawalpindi; Rohtak; 

* Shahpur; Sialkot. 8° Lahore and Calcutta, 1883-84, Punjab Govebnmbnt. 


TRANSACTIONS, PKOCKEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac. 

Batavia. —Notulen van het Butaviaascli Genootschap van Kunslen en Wetenschappen. Doel 
XXII. Afl. 2-3. 8° Batavia, 1884. Thr Society. 

„ Tijdschrift voor indische Taal-,Land-,eu Yulken-kunde. Deel XXIX, Afl. 6—6’ 
8° Batavia, 1884. The Society. 

Belfast. —Report and Proceedings of the Belfast Natural History and Fl^ilosophioal Society, 
for the Sessions 1883-84. 8° Belfast, 1884. The Society- 

Berlin.— Sitzungsberichte der Ednig. Preussischen Akademie der Wissensebaften zu 
Berlin. Nos. 18—39. 8° Berlin, 1984. Thb Academy. 

„ Zeitschrift der Deutschen geologiso^en Gesellsobaft. Baud XXXVl, heft 3. 8** 
Berlin, 1884. Thb Society. 

Bombay. —Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XYII, 
A No. 44. 8° Bombay, 1884. Thr Society. 
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Titles of Books. Donors. 

Boston.— Proceedingfl of the AmericAn Academy of Arts and Sciences. New series, 
Vol. XI, pts. 1 — 2. 8“ Boston, 1883-84. Tub Aoadbmt. 

BbbsIiAXT. —Einundsechzigster Jahres-Bericht der Schlesischcn Gesellschaft fiir vaterlan- 
dische Cnltur. 8® Breslau, 1884. , Thb Socibtt. 

Bbussbls. —Bulletin do la Socidtd Boyale Beige de Qdographie. Ahn^e VIII, No. 6. 

8“ Bruxelles, 1884. Thb Society. 

Bcdapebt.— Naturhistorische Hefto, herausgegeben rom Ungarischen National Museum- 
Band VIII. 8° Budapest, 1884. . The Mosbom. 

Bttenos Aibes. —Boletin do la Academia Nacional de Cioncias en Cordoba (Republica 
Argentina). Tomo. VI, Nos. 2—4, 8° Buenos Aires, 1884. 

* Tbe Academy. 
Calcutta. —Catalogue of the library of the Geological Survey of India. By Wm. Robert 

Bion. 8® Calcutta, 1884. XIbolooical Subvby of India. 

„ . Memoirs of the Geological Survey of India, Vol. XXI, pt. 2. 8® Calcutta, 

1884. Geological Scbvey of India. 
„ Palieontologia Indica. Series X, Vol. Ill, part 6, and Series XIV, Vol. I, part 

3, fasc. 4. 4® London and Calcutta, 1884. 

Gbological Subvby of India. 
„ Records of the Geological Survey of India. Vol. XVIII, pt. 1. 8® Calcutta, 

1885. G£olooical Subvby of India. 
„ Catalogue of the Presidency College Library. 8® Calcutta, 1882. 

Pbkhidbncy College. 

* „ Catalogue of the Library of the University of Calcutta. 8° Calcutta, 1885. 

The Univbbsity. 

„ Journal of the Asiatic Society of Bengal. New Series, Vol. liu, part. I, Special 
number. 8" Calcutta, 1884—1886. ' Thb Society. 

„ Proceedings of the Asiatic Society of Bengal. Nos. 10—11 (1884) and No. 1 
(1885). 8® Calcutta. 1884—1883. The Society. 

„ Survej' of India Department. Notes for December 1884, and Jany, to Fcby. 

1885. Fisc. Dehra-Dun, 1885. Subvby of India, 

„ Transactions of the Agricultural and Horticultural Society of India, Vols, I.— 
VI, and VIII. 8® Calcutta, 1837—1841. 

Cambbidob, Mass. —Annual Report of the Curator of the Museum of Comparative Zoology 

for 1883—84. 8® Cambridge, 1884. Thb Musbust. 

„ Memoirs of the Museum of Comnarativo Zoology. Vol. VIII. No. 3, 

Vol. X, No. 3, Vols. XIT and XIII. 4® Boston, 1883—1884. 

, The Mubbum. 

J 
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THE GEOLOGICAL SIIRm OE INDIA. 

Part 3.] 1885 . [August. 

JVotes on the Geology of the Andaman Islands, by R. D. OtnHAW, A.R.S.M. 

Geological Survey of India, (With a map.) 

The Andaman Islands form a small group extending in a nearly north and 
sooth direction, between the parallels of 10" 30' and 13“ 30' 

G^aphy and gene- j^atitode: they, or at least tho four or five northern 

ral teaturea. > ^ ^ 

^ islands, form a range of low hills which, if we look merely 

to the height above sea level,^ nowhere rise to more than 2,500 feet, but if we 
regard the eontinuation of the land slope into the sea on either side, rise to tho 
very respectable elevation of over 9,00(1 feet. They are described in the report of 
the Andaman Committee, whore it is stated;that “tho highest land wherever seen 
is on the eastern side,” and that “ tho watershed is therefore chiefly towards the 
west, and consequently it is on that side of the island that the marshy locali¬ 
ties will most probably be fonn^** Tho first statement is tmo enough, but I very 
much doubt tho accuracy of the second. In the South Andaman the greater 
part of the drainage flows into the creeks, which ultimately load off to the eastern 
shore, and on tho Middle and North Andaman, where the creeks are not to be 
found, the bulk of the drainage seems to flow through gaps in tho eastern range. 

2. Though tho various publications, papers, and notes referring to the Andaman 
Islands would make a lengthy list, there are but few among 
Hdfor””" ohoervow: v?hich contain any references to the geology of the 

Islands. 'J'he first of these, arranging them according to 
their dates, is to be found in tho journals of Dr. J. W, Heifer,* who visited the 
islands in 1840. His journal, which is all that remains, for ho was killed by the 
Andamanese, contains but few rofoiunce^ to geology. He visited one of the islands 

* Dr. Johann Wtlhclni Flolfer’s sodrnckto nnd unpedrnckte Srhrtfton iiber die Trnnsseriin 
'Provinr.oii,den Mei'fl'ui Arckipcl uiid dio Audiiiniiiieu-Iiiitclu. Mutheil. k.k. Qeoyr, Oe$elL$ckaft. Ill 
lip. 100—3y0 (1850), 
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of the Arcbipelago (probably Outram Island) and a small island which seems to 
have been the Middle Button, sailed through Homfray’s Strait * and then round 
the north of the island till he was hilled on the east coast, either at Cadell Bay 
or some sjx>t in that ncighlwurhood. The only geological observations refer to 
the Archipelago and the Aliddle Button, the rocks of which*be classes as 
“ Quadei-sandstein.” * 

The next ro|prence I can find is contained in a' pamphlet by a Mr. J. 

. Quighyj® who visited Interview Island in a schooner called 

the Sea Serpent, which had been chartered by a friend of 
his to recover what was worth saving from the wreck of the barque Emily. His 
account has been stigmatized by Dr. Monat as only worthy of a Munchhausen, 
but, though abundantly adorned (?) with what ai*© meant for rhetorical flourishes 
which, however, give place to a more moderate tone when speaking of what he 
actually saw, it is far moro entOTtaining, and, ae subsequent knowledge has 
shown, more trustworthy on the whole than the dreary pages of the learned 
doctor’s ponderous tome. Mr. Quiglt^’s “ geological observations ” are just 
such as a man ignorant of geology might well have made, but such as he could 
not possibly have invented ; all that can be made of them is that the greater pari 
of Interview Island consists of sedimentary formations, but that the extreme 
west («<c in original, probably a misprint) is composed'of igneous rocks described as 
‘ ‘granite and greenstone,” terms that may safely be translated diorite and serpentine. 

The report* of the Committee jippointed in 1857 to select a site for ajrenal 

_ . settlement in the Andamans, contains but one single obser- 

Andaman Coiomii.tec. j.- i i ^ i ^ % 

vation bearing on geology ; m paragraph 41 it is stated 

that limestone “ of the finest quality ” is obtainable on a promon^ry a few miles 

north of Long Island. 

Prefaced to a report on the vegetation of tfio Andamans by Dr. Kurz are 
some notes on the* geology or more properly petrography 
of the South Andaman; he also gives some important 
observations as to the recent sinking of the islands, to which I shall refer later on. 

In 1868, a short note by Dr. Stoliczka^ was read before the Geological Institute 
of Vienna; being merely^an extract from a private letter 
it does not contain any detailed bbaorvations, but refers to 
the general question of the coiTelation of the beds seen near Port Blair, to which 
he ascribes an eocene age. 


Kurz. 


Stoliczko. 


^ Az this is, 80 for ns I know, tho only instance of these straits having been navigated by any- 
thiiig larger than a steam launch, it may be interesting to give th'j^rcasons on which I base this 
supposition; they are as follows:—(1) Sailing ‘'north-westwards” from the Butto.i bo passed 
through a group of Islands and found himself almost shut in by land; (2) he mentions very rapid 
currents in the straits; and (3) he describes the western outlet as also surrounded by islands with a 
very narrow passage out to the west. All these three fit in with Hemfrav’s Straits, while none ef 
them would bo applicable to the Middlc'Straits {J^elfer, loo. cit., pp. 384—383). 

‘ Wanderings in the Islands of Interview (Andaman), Little and Great Coco. Pmpht., Moul- 
moin, 1860, 

* Selections from the Records of the Qovornment of Indio, Mo, 25, pp. 4—28 (1859). 

* Lie Andauianen Inseln, Assam, u. a. w. (Aus eincm Briefe an Uciru Director v. Haeur, de 
dato, Calcutta, 30th Miirz) Verkand. k.k, ge^l. Srichtanttalt, Mo. 9, p. 192 (1868). • 
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In the Transaetiona of the Ethnological Sooietj for 1869 there is a note’' on 
St. Joha Andaman IshuidB by Lieutenant S. A. 8t. John^ which 

contains some petrographical statements; he wont on a 
trip in the S^,S. Diana to search for limestone, and mentions the occurrence on 
the shore west of Long Island of what proved to be- “ the common igneous rock of 
former acquaintance,” which, from its “light colour,’^ might have been taken 
for limestone by one who had not landed to examine it. I cannot understand this 
sentence; can he have kit upon one^of the pale clays, locally indurated, of the 
Archipelago series ? 

The Proceedings of the Asiatic Society of Bengal for 1870 contain another 
paper * by Dr. Stoliezka on the Kgokkenmbddings of the 
Andamans which contains a passage referring to the possi* 
bility of recent changes of Idvel in the island's. 

The Journal of the same Society for that year eontains two papers * by Mr. V. 

Ball on the geology of the vicinity of Poi-t Blair and of 
Nancowry Harbour, in which he gives some geological 
details and essays to correlate the rocks of the Andaman and Nicobar Islands. 

Since this date I know of nothing further relating to the geology of the 
Andamans until the recent publication of two * notices by 
Mr. Bi. Mallet in the Eccords of the Geological Survey 

of India. 

Phssing now to my own observations, I can only distinguish with certainty 
two sedimcntaiy formations in the Andaman Islands, 
which 1 propose to call the Port Blair and Archipelago 


fitoliezka. 


Bull. 


Mallut. 


Sedimentar; formatioDs, 


series rospectivdiy. 

The Port Blair series consists principally of firm grey sandstone and inter* 
Port Blair r’ bedded slaty shales, not unfrequcntly containing nests of 

coaly matter, and, occasionally, beds of conglomerate and 
pale grey limestone as subsidiary members; The sandstone is the characteristic 
rock of the series, it is generally if not always non.calcareens and is easily recog¬ 
nized, where exposed betwemi tidemarks, by its peculiar mode of weathering; 
owing to irregular distribution of*the cementing material, bosses of harder stone 
are left standing up above the general level of the rock, and these bosses are in¬ 
variably irregularly honeycombed by the solvent action of the sea water. 


* Notes on the Andaman Islands by Admiral Sir Edward Belcher (from notes by Lieutenant 
8 . A. St. John, H. M.'a 60th Regiment). Trana. Mknol. 8oc, (new teriet), V, pp. 40—49 
(1867). 

* Note on the KgShkenmUddings of the Andaman Islands, by Dr.. F. Stolicaka. Proe. At. 8oe. 

Bengal, 1870, pp. 13—28. • 

* Brief notes on the geology and on the Fauna in tlie aeighhonrhoed of Naneowry Harbour, 
Nicobar Islands, by V. Ball, B.A., Geological Surrey of India. Joum. At. 8oc., Bengal, XXXIX, 
pp. 25—27 (1870). Notes on the geology of the vicinitjT of Port Blur, Andaman Islands, by 
V. Ball, B.A., Geological Survey of India, ibid, pp. 231—243 (1870). 

* On Niitire Lead from Monimein and Chromite from the Andaman Islands, by F. R. Mnllet, 
Deputy Superintendent, Geological Survey of India. Bfc. O. 8. /., Yol. XVI, 203 (1883). On 
some mineral resources of tho Andaman Islands in tiio neighbourhood of Port Blair, by F. It. 
Mallet, Doputv Saperintendent, Geological Survey of India. Sec. 0,8,1., 'Fol. XVII, pp. 79—86 
(1884). 
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Volcanic rocks. 


In several places I found red and green jaspery beds very similar to wbat 
, occur in Manipur and Burma, but I "was unable to deter- 
Fossib 0 0 der series. miug whether any of these belonged to an older series or 

no. In part at least they seem to belong to the same series as the sandstones and 
shales, in the midst of which they may found cropping out, bnjiitis by no means 
impossible that some of them belong to an older series, for, on the east coast of the 
South Andaman', close to the boundaries of the serpentine south of Shoal Bay, 
1 found great banks of conglomorate containing pebbles of similar jaspery rock ; 
it is of course possible that this conglomerate is newer than the sandstone, but tho 
fact that, though found close to the serpentino it contains no pebbles of that rock, 
indicates that it is probably of earlier date than the serpentine intrusions, and 
consequently probably of the samo ago as the Port Blair series. 

On Entry Island and again in a small bay,* not marked on tho marine 
chart, immediately south of Port Meadows, I found beds 
of volcanic origin. In the middle of the small bay just 
mentioned a square rock composed of a breccia of pale-green felsite cemented 
by a matrix of felsitic ash stands out of the water, and on Entry Island, among a 
series of rocks indurated and contorted so as to baffle description, there are some 
beds full of angular fragntents, and apparently of volcanic origin. The age of 
these is difficult to detennine; they seem to pass northwards into beds among 
which jaspery slate and limestone are to be found, and at the northern extremity 
of the island there is some intrusive serpentine, but at the southern end of the 
island near the top of the section, if I read it aright, 1 found in a bed of sandstone 
an isolated boulder, about a foot long, of a serpentinous rock, evidently derived 
from the serpentine intrusion. On the whole, it is prababk that these are 
of later date than tho Port Blair sandstones. 

Before passing on to the next scries, I must mention one very peculiar rock 
*-1, T 1 j which is exposed on Chatham Idand, and which I have 
am 8 au . elsewhere. On the south shore of the island, 

immediately east of tho saw-mill, there is an exposure of sandstone^ through 
which aro scattered blocks of red and green slatey rock; these, as is shown by their 
angular outline and lamination, quite independdlit of, and divergent from that of 
the sandstone matrix, are evidently fragments of some pre-existing rock. It is diffi-. 
cult to explain their presence hero; in the ab&ence of any signs of volcanic action 
in the immediate neighbourhood, one would naturally turn to glacial agency; yet 
the apparently isolated nature of the phenomenon is against this explanation, 
while the fragments are too numerous, and scattered over too large a surface, for 
them to be satisfactorily explained by any theory of dotation by driftwood.* 

The newer series, which I have called the Archipelago series, as the whole of 
the islands of the Archipelago are formed by it, consists 
Archipelago senes. typically of soft limestones formed of coral and shell-sand, 

soft calcareous sandstones and soft white clays, with occasionally a band of con* 
glomerate the pebbles of which seem coriginally to have been coral, though no 
structure is now discernible. These beds seem to cover a large area in the 


* Confmr Thenbald'a description of some beds beloiigin,; to tlie axial (triuxsic) vrunp. 
fif. S, L, Vol. X., p. 137 (1873). 


Mem, 
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SandstoDM of Craggy 
lelaud. * 


And south of 
Meadows. 


Port 


Andamans, but 1 shall not here enter into the discussion of their geographical 
distribution. 

On Craggy Island, 1 found a somewhat peculiar rook; it was a soft bedded 
very calcareous sandstone; the calcareous cement was ir-^ 
regularly distributed, forming spheroidal masses of harder 
rock which stood out from the general surface of the cliff, 
and this, combined with strings of small pebbles scattered through the beds, gave 
the rock an appearance very much resembling that of many of the Siwalik sand> 
stones. Some of the pebbles were of serpentine, so that the rock is almost 
certainly of later date than the Port Blair series, yet it may be remarked that where 
exposed between tide marks, the projecting bosses weather away in a manner 
which feebly imitates the honeycombing of the very much more prominent knobs 
to be seen at Port Blair. • 

There is only one other place where I have seen a similar rock in the Anda> 
mans, and that was on a rocky point a short way south of 
Port Meadows. I did not here notice any serpentine peb¬ 
bles, but the position of the rock world lead one to asso¬ 
ciate it with the volcanic beds which, ets I have mentioned above, are probably of 
more recent age than the Port Blair series. It is not impossible that the sand¬ 
stones just referred to may belong to the Archipelago series. 

The Cinque Islands consist principally of intrusive rock of the sorpentino 
series, but there aic also some metamorphosed and indn- 

Cinque blande. rated sedimentary beds; of these some are siliceous, but 
for the most part they are calcareous, the most remarkable 
form being a green chloritic or serpontinous matrix with numerous granules of 
crystalline calcite scattered thmugh it; the rounded outlines of these granules 
seem to be due to attrition, and the crystalline structure to subsequent meta- 
morphism. These rocks did not seem to mo to belong to the Poifi Blair, but 
to the Archipelago, series, and at the first* blush it would seem as if they had 
been metamorphosed by the intrusion of the serpentine; foriunately however at 
one or two places, and more especially on the eastern face of the southern island 
close to its northern end, there are exposures of a conglomeratic bed, in which the 
pebbles are of serpentine, and the matrix is fine-grained and very serpentinous. 
This conglomerate, both from its position and induration, belongs to the same 
series as the other sedimentary rocks of the island, and proves that they are of 
later date than the serpentine intrusion, and that in all probability their metamor¬ 
phism is due to the contortion they have locally undergone. The conglomerate 
just mentioned is a carious bed, not of the type commonly known as conglomerate, 
but exhibits that structure, usually considered due to the action of floating ice, 
which is seen in the bonldor bed of the Talchii’S, or the Blaini conglom^te of the 
Himalayas. The matrix is, or rather was originally, a fine mud or clay, and 
through it the pebbles are scattered, not touching each other, but each isolated 
in the matrix; I have seen a similar bed of presumably the same age, though 
showing no signs of alteration, in a very similar.position to the east of the Hijaong 
vill^e in the harbour of Nancowry, but here the fragments were angular, not, as 
on the Cinque, rounded in outline. 
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Two distiact forina.- 
tion8. 


As regards the intrusive rocks of the Andamans I have little to say; they are 
similar to those of Manipur and Burma to the north andl 

Intrngivo roc s. Nieobars to the south, and, as far as I could judge 

from the manner of their occurrence, of certainly later date than ^e Port Blair 
series, the only section which seems to throw any doubt on this conclusion being, 
that described above of the sandstones on Craggy Island. I have followed my 
predecessors in calling these rooks serpentine, that being the most prominent or 
remarkable form which they take, but they^ not infrequently pass into ciystalline- 
diorite or gabbro. 

It may seem strange that, before passing on to* consider the correlation of 
these series, it should be necessary to discuss whether- 
they really belong to distinct formations, or are merely 
local petrological variations df each other, but, as will 
presently be seen, such is the case. As regards the Andamans, I have no doubt 
that they are really two distinct formations, for in degi’ce of indui*ation and 
mineralogical composition they are as contrasting as could well be, nor have I seen 
any signs of trausition from one type to the other (if wo except the sandstones of 
Craggy Island) and in the Middle Andaman, where I saw the soft limestones of tho 
Archipelago, and the hard grey sandstones of tho Port Blair series within a few 
miles of each other; they each maintained their especial eharacteristics unchanged. 
While if my identification of tho altered sedimentary rocks of tho Cinque Islands 
with tho Archipelago series is correcl, they must be two distinct formationdj one 
older, the other newer, than tho serpentine intrusions. 

In investigating the homotaxis of these bods, wo may approach the ques- 
tion from three points of view, and dotefmine the age of 
Homotaxis o t e s. either by tho internal evidence of fossils, by con¬ 

necting them with tlie known rocks of the Arracan Yoma, or by connecting them,, 
through the Nicobars, with beds of known age in Java. 

As regards the first, we have nothing beyond Dr. Stoliezka's statement^ that 
„ .. he observed “at the north-east end of Ross Island several 

specimens of a Fecten, a small Cytherea-like shell, and 
fragments of Oysters, which fossils prove that the deposits are marine, and tho 
aspect of these fossila is undoubtedly a tertiary one.” I regret to have to say that 
though I searched the locality mentioned, I did not succeed in finding, either 
there or elsewhere, any trace of a fossil other than a few fragments of lignite. 

In attempting to ascertain the age of the Andaman rocks by tracing thenr 
Belations with the southwards through the Nicobars, wo are at once landed 
Hicohar heds. into a difficulty through a conflict of authorities.* 


» Jottm. At. 8oe., Veng., XXXIX, p. 231 footnote), 1870. 

* Die NicobariBchen Inseln. Sine gcographische Skizze, mit specteller BerSchsichtung dec 
OoognoBic von Dr. Phil. S. Pink. Eopenhagen, 1847. Tranelated and frinted in Selections from 
the Beooids of the Government of India, LXXVII, pp. 109-1S3. 

Beitrilge znr Qeologie nnd iibysiokaiiBohen *Qeogmphie der Nicobar InBeln.—QeoIogisoben> 
Beobachtuugen von Dr. Ferdinand von Hochstetter. Ueiae der bsterreichisclien Fregatte Novara, 
nm die Erde in den Jahren 1857,1868,1^9. Oeologisoiier Theil, II, pp. 85—112 (Wien. 1866), 
Tranelated and frinted {in part), Bee. (t. S. I., IV, pp. 59—73 (1870). Reprinted Selections from 
tho Bocords of the Government of indie, LXXVII, pp. 208—229. 
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!For OUT information as to tlio rocks of the Nicobars, we have to rely almost 
entirely on ihe publisliod papers by Drs. Rink and Hochstetter. The former of 
these describes the rocks of the Nicobars as belonging to three distinct formations, 
classed in oi'dor of their ages as (1) the brown coal formation; (2) the 
Plutonic rocks*; (3) the older alluvium. The brown coal fwmation is confined to 
Katchal and the southern islands, while the “ older alluvium” is only found on 
the islands of Nancowry, Trinkat, Oatnoi»ta, and those to the north. Dr, F. von 
Hosohstetter, on the other hand, maintains that the “ brown-coal formation” and 
the “older alluvium” -of Rink are bftt potrologically diffeicnt products of the 
same period of deposition, and that they are both of later date than the serpentine 
intrusions. • 

In his note on the geology of the neighbourhood of Nancowry harbour,' Mr. 
V. Ball states it as his opinion, that the sandstones of Rink are the same as those 
of Port Blair, but does not attempt to decide between the widely divergent 
opinions of Rink and Hochstetter. 

In discussing this subject I may begin by stating it as my opinion, derived 
" Older alluvium ” of personal examination of both, that the “ Older allu- 

Rink represents Arclii- vium ” of Rink, and my Archipelago series, are most indu- 
'pelago series. 1)itably of tly3 same age. As Mr. Ball has pointed out. 

Rink’s name is utterly inuppropriato if. the word alluvium is to have- any fixed 
value whatever in geology; the beds of which it is composed have been contorted 
and disturbed, and occasionally may be seen tilted on end. They are undoubtedly 
of later date than the serpentine intrusion, and Agree very closely in petrographical 
charactora with those of the Andaman Archipelago, even to the occurrence of clays 
containing polyaistince in both regions and of iron sand on the Cai'-Nicobar, while 
iron sand was noticed by Dr. Heifer on the Middle Andaman, and is also found 
on Havelock Island.* 

As regards the sandstones, the mattfir is not so easily settled; if Dr. Rink has 
correctly determined.tho relative ages of the sandstones 
the^saudstoues.”^^*'^^*”^ serpentine intrusions. Dr. Hochstetter must neces¬ 

sarily bo mistaken in supposing that they are merely 
petrographically different mombera of the same seiies as the soft calcareous and 
argillaceous beds of the so-called older alluvium. The only direct evidence which 
Dr. Rink adduces as to the relative ages of the sandstones and the serpentine 
series is a section^ on the western side of Teressa Island, where he saw a small 
patch of the sandstone, of the same typo as that of the southern islands, only 
slightly liardened by the plutonic rocks which form veins in it. Here eveavthing 
depends on the correctness of the correlation of this sandstone with that of the 
southern islands, a coirolation which is certainly snpported by Mr. Ball’s identi.- 
fication of the latter with the sandstones of Port Blair. The latter observer givee 
no reasons, beyond the presence of fragments of driftwood and impressiona of 

^ Brief notes on the Geolog; and on tbe Fauna in the neighbourhood of Nancowry Harbour, 
Nicobar Islands, by V. Ball, B.A., Qeol. Surv. of ludio. Journ. A». Soc., Benff,, XXXIX, pp. 25—37. 

* In the first and lost case, and presumably in the second also, the so-called “iron sand’* was 
magnetic oxide of iron; for a reference to the Havelock Island sand, see Sec, G. S, Vol. XVllI, 
83(1884). 

* Dio Nikobnrischon Inseln, p. 66. Selections from the Records of the Government of India, 

LXXVir, p. 130. • 
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plants resembling fncoids in both, for the identification, though it was presumablj 
based on personal observation. On the other hand, there are not wanting indica> 
tiona that both these observers may have been mistaken, for Dr. Rink’s descrip¬ 
tion of the sandstones of the Little Nicobar, which he takes as the typical expo- 
anre is certainly very nnlike that of any beds I know in the Port Blair series; he 
describes ^ both sandstones and interbedded clays as calcareous, and particularly 
mentions that thfe former were soft, and that the calcareous matter is irregularly 
distributed, forming spheroidal masses of harder rock which are left projecting 
from the general surface of the cliff—in fact the description agrees in every parti¬ 
cular, except the absence of pebbles, with the sandstones on Craggy Island, 
in which 1 found pebbles of serpentine and which are consequently almost 
certainly of later date than the Port Blair sandstones. The whole question is 
shrouded in diflicnlty and will not be answered satisfactorily without a systenm- 
tic survey of the islands. 

Passing southwards into Java and Sumatra, there are intrusive serpentine 
and soft white clays identical with those of the Nicobars. 

inJi^iuid^JavnifLsds"**"* describes the sedimentaiy series of Java 

as consisting of (1) a lower coal-baring gi*oup of quartzose 
non-calcareous sandstones and slate clay with seams of workable coal, in which 
marine fossils are very rare or absent; (2) an upper grqup of soft calcareous sand¬ 
stones, plastic clay slates, and argillaceous marls with trachytic tufas conglo¬ 
merate and breccias, containing numerous marine fossils and fi'ngments pf drift 
wood, but no workable coal. These rocks were oinginally classed by Hochstetter** 
as eocene, on account of the supposed discovery of nummulites in them, but ac. 
cording to Von Richthofen, * the so-called nummulites are in reality orbitolites, and 
a collection of fossils from the upper beds was^examined by Mr. Jenkins,^ who 
pronounced them to be of miocene, or later age. The lower series may be dis¬ 
tinct from the upper, and of eocene age a;s Dr. Eochstetter supposes, and in that 
case is very likely a representative of the Port Blair series. 

In tracing the Andaman rocks northwards to Burma, we have little^ difficulty 


RelntloiiB of Anda¬ 
man and Arracan beds. 


in identifying the Port Blair series with the Negrais rocks 
of Theobald.® Not only do they resemble each other in 
the petrographical features and relative proportions of 


* Die Nikobnrischen Inseln, p. 43. Selections from the Records of the Qorenimcnt of India, 
LXXVII, p. 126. 

* Geologieche AnsfKige auf Java. Reiso der dsterreischen Fregatte Novara am die Erde in 
den Jahren 1657, 1858. 1859, Oeologischer Theil Band II. Qcologieche Beobaebtungen von 
Dr. Ferdinand von Hochstetter, pp. 113—152 (Wien 1866). 9 

> Nflchricbten hlmr die Wirksamkeit der Ingenienre fiir des Bergweson in Neiderl&ndiscb— 
Indien. Von Or. Ferdinand Hochstetter. Jahrhueh. K, K. &eol. Rtioh$antialt IX, pp. 277— 
294 (1858). 

* Bericht dher einen Ansflug in Java. Zeitechrift der Deuttehen O 0 OI. Oetelbehqft XIV, pp. 
827—856,1862. 

tlber das Vorkommen von Nnmmnlitenfprmation aof Japan and don PhiRipinen. Ibid. 
867- 868. 

* On some Tertiary Sfollnsca from Itfoant 8 ela in the Island of Java, by H. M. Jenkins, Esq., 

F. 0. 8 ., with a d’escription of a new coral from the same locality, and a note on the 8 cindian fossil 
comls by F. Martin Duncan, M. B., P. 6 . 8 . Juurn., Qeol. Soe., XX, pp. 40—73 (1804). 

* Mem. 0. S 1., Vel. X, 110—123 (1873). 
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General conolusion. 


their individual members, but the peculiar mode of weathering where exposed be¬ 
tween tide marks, which I have remarked in the former, is matched by the sand¬ 
stones of the Kograis group, which have been described as usually presenting, when 
seen on the sea Jieaoh, a—honeycombed or cancellated appeax|knco, the result of a 
peculiar mode of weathering.”^ Unfortunately the age of the Negrais 'rocks can¬ 
not be determined with accuracy, but they are believed to underlie and be asso¬ 
ciated with some beds of kno^ nummulitio age, so that we may* class the Port 
Blair rocks as eocene or slightly older. ^ 

Thus, whatever line we follow, wo are brought up to the same conclusion, 
viz,, that the Port Blair series i& probably of early tertiary, 
or possibly late ci'ctaceous age, and by tracing them south¬ 
wards, we find that the rocks of the Archipelago series are probably of miocene 
ago or even newer. 

Since the publication of Kurz’s Beport on the vegetation of the Andamans, It 
has been an accepted fact that the Andaman Islands are, 
C anges eve. have been, during recent times, undergoing sub¬ 

sidence. It was difllcult to conceive how this could be the case, for the Arraoan 
coast to the north and the Bicobar Islands to the south, between which the Anda¬ 
mans form the connecting link, are both fringed by raised beaches which show 
that they have recently been elevated, but the observations recorded by Mr, Kurz 

were so unanswerable that they were allowed to override 
Evidence of depression. argument^rom analogy. Mr. Kurz’s conclusions were 

based principally on the fact that he found the stumps of trees, belonging to 
species which only grow above high-water mark and beyond the reach of salt¬ 
water, in the m&ngrove swamps and on the sea shore, while, as corroborative evi¬ 
dence, ho adduces the facts that according to the report of the Andaman Committee 
the sea had encroached some 40 or 50 feet since the first settlement on Chatham 
Island, Port Cornwallis, and that “ Lieutenant Jameson of Chatham Island has 
informed me that a similar* encroachment of the sea is taking place at that 
Island in Port Blair.” As regards the latter point, there is no evidence that 
the “ encroachment ” of the sea at Port Cornwallis was due to subsidence, and 
as far as can be judged by the lithograph in the report of the Andaman Com¬ 
mittee, and the woodcut in Dr. Mouat’s book, both taken from a photograph, I 
should be inclined to look upon it as a case of encroachment by erosion of the sea 
shore and not by subsidence. The evidence of the trees is, however, almost con- . 
elusive, for the only explanation possible, apart from an outward set of the soil to¬ 
wards the sea, such as is known to take place under certain circumstances., is that 
the land is sinking, and I can myself produce an observation which supports this 
conclusion. The large bay on the north-east coast of Havelock Island is for the 
most part fringed with low lying land, next to the beach this rises some 4 pr 
5 feet above high-water mark, but in many places behind this it sinks to form 
a hollow, and then rises again to the same level as the outer ridge, or rather 
higher. The whole of this low land is covered with forest, but wherever there is 
one of the hollows just mentioned, there the forest trees are all dead, and the soil 
is often moist with salt-water; the soil of these low- lying patches must have once 

• Loe, cU., p. 117.' 
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been dry, like that where the forest is still growing, and the uniformity in size of 
the dead^ind the living trees shows that in all probability several generations have 
lived and died on rise and in hollow alike, until, as the land gradually subsided, the 
sea-water rose in the soil of the hollows and the trees succumbed to its fatal influence. 

We may therefore take it as proved that the Andamans are a€ the present day 
gradually sinking, but there is ample evidence in the raised 
Andaman^South Jj^aches that fringe the shores of the Andamans, that in 

the immediate past elevation has exceeded subsidencr. 
Those raised beaches have not, so far as P know, been mentioned by any previous 
observer, but arc conspicuous enough, especially on the islands of the Archipelago* 
At Port Blair itself there’ is a small terrace at the north-eastern comer of Chatham 
Island; it has boon enlarged artificially to form a site for the bungalow of the 
officer in charge of the island, but appears to be in part a raised terrace of marine 
erosion. A similar terrace may be seen north of the harbour where the road from 
North Point to North Corbyn’s Cove runs in places on a terrace separating the steep 
hill side from-the sea shore. In a small cove east of Porij, on the southern side 
of Shoal Bay, there is a narrow teirace, clothed with forest, from whoso inner limit 
tlie hill rises in a bare, almost vertical, face of rock which could not have been 
formed, in this position at least, by any other moans than marine denudation. 
Along the east coast of the South Andaman this raise^ beach can be seen forming 
a terrace, from a few yards to over half a mile in width in almost every bay. Apai’t 
from the theory that it is raised sen beach, the only one supposition on whjeh this 
terrace could bo accounted for is, that it is due to a gradual encroachment of the 
land on the sen, either through the action of vegetation in catching the wind-blown 
sand, and so raising the surface above extreme sea-levcl, or by the potion of the waves 
which during storms might throw up sand and shingle far above the level which the 
sea would otherwise reach ; the first supposition is inconsistent with the fact that 
shells and fragments of coral of considerable size may be found lying about on the 
forest-clad surface.of the terraces in ppsitions where tligy cannot be accounted for by 
either human or crustacean agency, while the facts that the forest trees are as largo 
and old on the extreme edge of the terrace as further inland, and that the seaward 
margin often cuts into a miniature cliff of 3 or 4 feet high, is every whoio fringed with 
fallen and falling trees and tangles of roots from which the soil has been washed 
away, conclusively prove that so far from there being any extension of the land 
surface, it is being encroached upon by the destructive action of the waves. 

The terrace is well developed in the Andaman Archipelago, especially on the 
west' coast of Havelock Island, where the hills rise with a precipitous face out of 

the forest, being now sopnrated from the sea by a stretch 

H^aveiockllsland place, where the sea has cut away' 

this terrace and formed a low cliff, a bank of coral and 
shingle, evidently of littoral origin, was seen resting on soft calcareous sandstone, 
well above the reach of even the highest tides. 

The beach 1 have described is everyyehere low, and not more than 6 to 8 feet 
above mean sea-level, hut there are indications of a terrace 
Itlaiidr”* of marind erosion, corresponding to that seen on the Oar- 

Nicobar and elsewhere at about 30—40 feet above thesea; 
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both Outram and Lawrence Islands, and a large part of the other islands of the 
Archipelago, are low and flat-topped in outline, so that it would seem that they 
were plateaux--old plains of marine denudation. 

There is not wanting evidence that the depression of the island, which is going 
Coimnencement of, dc- present time, has but recently commenced, for the 

prcBsiou being at recent kitchen-middons of the Andamanese are in positions where 

a very slight subsidence would submerga them, and the 
time that they represent may be understood by the section of one which I examined 
near Port Mount; it was 12 feet in thickness in the centre, and in this there 
was a bed 1 foot 6 inches thick of vegetable mould, with shells scattered through 
it, marking a period when generations of shrubs and plants must have lived and 
died while the midden was abandoned, or only occasionally visited. This was 
doubtless started on a rock rising among the mangroves and gradually extended* 
on to the mud ; and it is a notewoi’thy fact that the Bui*face of the mud under the 
shells doea not appreciably differ from the general level of the mud outside. It 
shows that at a time when probably not one-sixteenth of the pi-esent bulk of the 
midden had accumulated, the level of the mangrove swamps was very nearly what 
is now. Had the soil suiTOunding the rock on which the midden was started been 
well clear of the influence of the tides, it would certainly not have supported a 
growth of mangrove, and so far as my experience has shown me, would conse¬ 
quently have been of a very different character to what is actually found, while, 
had the surface of the mangi’ove swapip stood nmeh lower than what it now i's, the 
mud would certainly liavo risen above what was the base of the kitchon-midden 
in its earlier stages; in other words the surface of the mangrove swamp was 
then very nearly at the highest level it could I'cach, and as this is limited by the 
height tt) which the tides rise, Jt shows that during the time represented by 
tlie formation of this midden—a period which must bo moasuicd by centuries, if 
not by tens of centuries—the land has nbt appreciably altei-ed its level relatively 
to the sea. , • 

ft 

Nots.—O il tlie niiip, I have incorporated Mr. Kurz’s obbervalions in part, but liavo not follow¬ 
ed Ilia ina|ifi in extending the Port Blair aaiidatonca to the woatern shore of the lalanda, as 1 feel 
Hure that the rocks there must be largely of Inter dato; 1 have coloured the islands off the two 
entrances to llonifray’s Straits from informntiou derived from Dr. Heifer’s Diaries. Interview 
Island, I was informed by Mr. H. Godwin-Auston, is comiKHcd of the same rocks as are seen at 
Nnncuwry,iuid the two Sentinel islands have been described to me ns being composed of coral; this, 

118 1 found from experience in the Nicobar Islands, almost certainly refers to the fantastical 
weathering of the limestones of the Archipelago series. 


Note on a tliird species 0 /“ Morycopotamus, hy R. Lydekkisr, B.A., I’.G.S., P.Z.S. 

Among the collection presented to the British Museum by Mr. Charles Falconer 
on the death of Dr. Falconer, the writer has recently identified the tooth from 
Kusbalgarh near Atlock noticed ia ^ Falconer’s PalseontologicEl Memoirs,' Vol. I, 
p. 416, under the name of Merycopotamm nanus, and also the two smaller teeth 
noticed on the preceding page under the name of TapirnTpentapotamice. As 
these specirrons are undoubtedly the property of the Geological Survey of ludia, 
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the Director of the British Museum has consented to their transference to the 
Indian Museum. 

With regard to the Merycopotamus tooth, which is the third right upper true 
molar, there can he no doubt of its specific distinctness from M. dissinvilis and M. 
nanus, Lydekker, ^ both on account of its inferior size, and marked difference in 
structure. Its length is 0*75, and its width 0*8 inch; and the ‘external surface 
of the outer columns is less inwardly inclined, thus causing the tooth to assume a 
character more approaching that of Olmromeryx, which the writer • is now inclined 
to regard as allied to Dichodon; the presoiat specimen thus indicating an affinity 
between the latter and Merycopotamus. It is intended to figure the KusMIgarh 
Merycopotamus tooth in the Introduction to the 3rd volume of the 10th series of 
the ' Palseontologia Indica and the specific name M. pusillus is proposed for it. 

The two small teeth noticed by Falconer as Tapirus pentapotamice bxc the 
fourth upper premolars of both sides belonging to the same individual as the 
upper true molar noticed by Falconer in the same passage and figured by the 
present writer in the ‘ Paleeontologia Indica,’ ser. 10, Vol. Ill, pi. VIII, fig: 17, 
under the name of Listriodon pentapotamioo (Palo.). 


Some observations on Percolation as affected by Current, H. B. Medlicott, M.A., 

Geological Stirvey of India. 

In a previous paper (supra, XIV, p. 228), in discussing the possible water-head 
available for artesian sources in the Gangetie plains, I quoted an observation by 
Lieutenant W. E. Baker (one of the em‘ly collectors of Siwalik fossils, afterwards 
Sir W. E. Baker), showing a striking apparent defect of peicol^tion in very 
coarse deposits close to a gi’eat stream. The passage is as follows:—An account 
is given by Lieutenant W. B. Baker (Engineers) f)f the sinking of a well at 
B^yanw&la, near the base of the Siwaliks. It is 3 miles below H&tnikfind, where 
the deposits terminate within the open gorge of the river, but the elevation is 
still 1,062 feet. The surface is less than 10 feet over the water in the river, and 
only 60 yards from the edge, but the well was sunk through boulders gravel and 
sand for 60 feet without finding water. Lieutenant Baker mentions the fact as 
an anomalous instance of the impermeability of the coarse river deposits at this 
spot, contrasting it with what takes place in similar deposits of the bhdbar east 
of the Ganges, as already noticed. This is of course an erroneous impression: 
there is a deep and rapid current in the Jumna at Bdyanw&la, and the traction of 
the stream does not give any particle of the water time to change its course and 
sink into the ground. The case is very different for small streaun spreading out 
over the surface;” , 

* * Qeol. Mug.’ dec. 8 , Vol. I, p. 646 (1884). The name M. nanus had been applied by 
Falconer in M.S. (vide Pal. Mem., Y 6 l. II, p. 407) to tbit species, before be applied it to the 
Kusbdigarb specimen, which he evidently regarded ns distinct. Wlien the collection of Kushdi^h 
specimens'were returned to India, a label bcarilTg the name M, nanus was attached to a ^th 
referred to DoreatheriuM (vide ' Polseontologia Indica,* ser. 10, Vol. I, p. 62 [44],) and the 
present writer naturally luought that Falconer had made a wrong generic idcutiilcation. 

* Fids 'Oeol. Mag.' dec, 8, Vol. II, pp. 72—^73 (1885), s 
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Several friends who ought to know, expressed doubts that the reason her egiren 
by me was in any degree valid; so not being able to find an authority on the sul^ec^ 
1 have attempted an appeal to expoiiment, with Mr. Mallet’s assistance. In the 
bottom of a small wooden conduit, about 6 feet long, a rectangular hole was cut, 
3 inches long by 1 inch broad. This was lined with sheet-tin, projecting below 
into a much larger tin box attached to the board, with openings along its upper 
margin for the escape of water. The bole was then packed witl^shot, flush with 
the bottom of the conduit, and up to the level of the openings in the box beneath. 
Arrangements weic made to give a succession of fixed slopes to the conduit, and to 
measure the discharge from percolation in equal periods under the different condi¬ 
tions. From still water with a depth of about 1 inch the percolation was 1,045 
grammes in 30 seconds. The comparative results are given in the following 
table 


Statement shorving percolation as affected hy current. 


Percolation. 

Conditions. 

1,000 

Still water: end of conduit dosed. 

900 

Conduit horizontal, end open. 

806 

„ sloping at 25 feet !n a mile. 

^ 783 


770 

f» »a 75 11 i» »1 

747 

n i» 100 ,, ,, „ 

729 

II >1 >1 12^ 1, 1, j. 


The dxperimeiits were no doubt rough, but it can hai'dly be questioned that 
they give a true indication of what occurs, showing very decided reduction of 
percolation with increase of current. The loss is nearly 20 per cent, with a slope 
of 25 feet to the mile, which is about that of the stream at Bdyanwila. Although, 
however, the interpretation I gave of the supposed anomaly is thus shown to have 
but partial application, the main cause must be rather the reverse of that suggested 
by Lieutenant Baker. We must assimilate, rather than contrast, the conditions at 
Biyanwdla with those of the bhdbar streams. The percolation downw^ds is so 
free and rapid that laterally it does not extend to a distance of 170 feet at a depth 
of 50 feet below the level of the stream; and the slope of percolation must be more 
than 1 in 3'4. « 

In support of this view I may refer to the instance given in the same paragraph 
of the paper under reference, of a well at the liead of the bhdbar, near Mohan. 
Although within a short distance of the Kotri rau (torrent), all the dry.weather 
drainage of which sinks into the gravel, water was only found in the well at a 
depth of 200 feet. 
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Notice of the Pirthalla and Chandpur Meteorites, htj H. B. Medlicott, M. A,, 

Geological Survey of India. 

In 18G3 a requisition from the Britisli Museum, respecting the collection of 
aerolites which may be procurable in the British dominions abroad, was foi’- 
warded by the Secretty:y of State for India to the Oovemment of India, and was 
issued by it to tlie Provincial Governments for disposal. On the roprescixtation 
of Dr. Oldham in 1866, that this order wag liable to be misunderstood, to the 
detriment of the very fine collection of meteorites in Calcutta, the Governor 
General in Council was pleased to approve, for general adoption, the recommenda¬ 
tion that all meteorites should bo sent to the Calcutta Museum, and suitable 
samples be forwarded thence to tho British Museum. During the twelve years 
following this order, up to the end of 1878, specimens more or less complete of 
11 falls were received, and samples of all were duly sent to London. For years 
after none were seen or heard of till 1884, when official notice came of the 
Pirthalla fall, but without any hint of compliance with tho order regarding 
the disposal of such objects, although it was of course still in force. It was plain 
that the rule had passed out of recollection, as is so generally tho case in India 
with matters that are not of almost routine occurrence, owing to the so frequent 
changes in the personnel of every office. A renewal of the order was therefore 
sought for and obtained, of which these two meteorites arc the first-fruits. 

Pirthalla: No, 189 of the Indian Museum collection. —This is a village in tho 
Barwala tahsil of the Hissar District in the Punjab, in about 29® East Loqgitudc 
and 29® 35' North Latitude. Tho fall occurred at 2 p.m. on tho 9th of Febniary 
1884. Tho stone was received in three pieces, and otherwise difmaged, having 
lost perhaps an eighth of its original bulk. The*picces weighed severally 610'6, 
425'7, and 224‘2 grammes, or a total of ll()0'5 grammes. The specific gravity is 
3*40. The shape was roughly cuboidal with rounded edges and indented sides. 
The stone is of tho most usual typo, granular fracture, of light-grey colour, 
mottled pale brown. The numerous metallic grains of various size and shape 
only appear on a cut surface, being otherwise covered by a coating of the stony 
sul»tance. This stone is rather friable. There is of course tho usual film of 
fusion, of a dull ’black colour. The account of tho fall received with tho speci¬ 
men is as follows:— 

Tho history of the meteorite briefly is, that it was seen to fall at 2 p.m,, on 
the 9th February 1884, about 150 paces from the village of Pirthalla, P.S. 
Tohana, Hissar Division, by a sepoy on the Skinner estate and a boy of 12 years of 
age. It seems to have been red-hot when falling, and iin explosion w.‘ s heard while 
it was still in thd air, which was followed by a report like that of a gun when it 
struck thtf earth, in which it was buried to the depth of 2J inches. The ground 
was hard. It was dug up immediately, and is said to have been quite cold and 
broken in two.” 

Qhandpur: No. 190 of the Indian Museum collection. —This is a village in 
the North-West Provinces, about'5 miles north-by-west of Mainpuri, in 79° 3' 
East Longitude and 27® 17' Norih Latitude. The fall occurred on th^ ovening 
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of the 6th April 1885. The stone was received unbroken, though about one- 
fourth of the oioist, and perhaps a twelfth of the original bulk, had been chipped 
off. The shape was roughly cuboidal with rounded edges and angles. Befora 
cutting, the weight was 12013 grammes; the pieces weigh 625*5 and 4910 
grammes. The specific gravity is 3*25. It is exactly of the same type as the 
Pirthalla stone, but not so brittle. The following is a translation of the report 
of the fall by the Native Sub-Inspector of Police:— • 

“ On 10th April, Girdhari Chaukidar, of mouzah Chandpur, which is 8 miles 
south of the police station, came and Reported that four days ago, on the night 
of Monday, there was thunder and lightning which lit up the whole sky, and 
after this a stone came down, which was found next morning and weighed 1 
seer and 4 chittacks. I deputed Mahomed Hussan Khan, clerk, to fetch the 
stone and make full enquii;y into the matter. The clerk accordingly brought 
the stono to the thann. Its surface is black. It is white inside, containing shin¬ 
ing particles like those of sand. It is broken on two sides, which is due to the 
fact that the villagers broke it to see what was inside before the clerk reached 
the spot. The pieces broken off could not be found. Enquiiy made by the clerk 
showed that on Monday, about one-and-half hour after night-fall, heavy clouds 
came over mouzah Chandpur; that Tclok Singh Thakur and Bhagga and 
Manga Chamars were busy in stacking arhar stalks in a field about 100 paces 
south-east of the village, and that they first saw lightning in the clouds and then 
heard a roaring thrice ; that afterwards it thundered slowly and then of a sud¬ 
den the whole sky was lit up an<i a sound of something coming down (sam 
same) was heard, and subsequently the sound of a thud in the arhar field of 
Madariwala, which is one field beyond their own; that they then ran away to their 
respective houses fearing that hail was falling. As the whole affair was one of a 
surprising kind, they, on Tu(?feday morning, wanted to find out what it was, and 
on search, found the stono produced in Madari’s field; that it was still warm, 
and the earth below it was blackened, and a plant of arhar, on which it had fall¬ 
en, was, scorched and broken down, but that no mischief was caused to other 
plants in the field. Other villagers also testified to 'these facts. I beg to for- 
wai’d the stone for your inspection.” 


Report on the Oil-Wells and Coal in the Thayetrayo District, British Burma^ 

hy B. Romanis, D. Sc. 

Oil-Wells .—The oil-wells are at Padaukpin,' about 8 miles from Thayetmyo, 
on the Mindfin road. Of seven wells there are only three kept in repair, and of 
these only one was yielding oil at the time of my visit. The oil flows very slowly; 
the produce is only one barrel monthly. It occurs in fissures in a hard blue shale 
(dipping 35* W.), which contains fossil marine shells, which are genemlly much 
ddbomposed by the action of water; often there is only the cast of the shell in the 
clay remaining. 

At Tenanchaung, in Upper Burma, the oil-bearing stratum is a similar blue 
shale with bands of sand, into which the oil diffuses from the shale and through 

> Noticed by Mr. Theobald, Mem., G. S. I, Vol. X, p. 347(1873). 
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which it percolates into the wells. The shale at Padaukpin seems almost imper* 
vious. I observed a place where the shale cropped up to the surface. It was con* 
verted superficially into clay by the action of water. The oil was found lining 
small cracks and cavities. When a piece of the shale was powdered and diffused 
through water the oil came to the surface in a thin film. 

A specimen of the shale was analysed and found to contain O'16 per cent, 
of oil. • 

The rocks overlying thooil-lKjaring stratum appear much harder than those at 
Yenanchaung. It appears to be a diffei'ent geological formation, deposited under 
different conditions. A boring was put down to a great depth some years ago in 
one' of the ravines to the northward. It ended in hard rock, without finding oil. 
I do not know why the place in question was selected; the whole district is very 
unpromising. 

Coal.—The coal is found in a ravine of the south-western spur of the second or 
middle hill of the group of lime-hills south of Thayetmyo.^ 

When I visited the place, an escarpment had been made along the oast side 
of the gorge; at the north end a drift had been driven into the hill side through 
a hard blue shale to a depth of about 20 feet; at the end of the drift there wsis a 
thin seam of coal and carbonaceous shale dipping at an angle of about 30“. Below 
this another drift had been made, but had fallen in. The seam of coal is said to 
be 4 feet thick. Further south, again, a pit had been sunk to a depth of .30 feet, 
following the course of the two sJiaall seams of coal here dipping at an an|fle of 
75* to 80*. They are 4 feet apart at the top, but gradually approach and will 
unite probably 3 or 4 feet lower. Five or six yards fm-ther south there are seen 
two more vertical beds of carbonaceous shale. One of these is said to be the scam 
worked about 30 years ago. The traces of the,old workings are now concealed 
under the rubbish thrown down from the escarpment above. The old drift is said 
■to be vertically below the lime kiln on the' hill side. 

The blue shale below the coal is full of vegetable remains, apparently grasses 
or reeds. Above the coal the shales appear to bo unfossiliferous. Over the shales 
are sandstones. Above these, again, there is a greyish-pink limestone; then over 
all, forming the crest of the hill, is a white limestone composed of fossil num* 
mulites and marine mollusca. 

It seems to me that the coal deposits of the Arakan Yoma have been formed 
in the swamps and lagoons of a river della. We find similar deposits of very 
recent date in the neighbourhood of Rangoon. Thus, at Inscin, a boring showed 
a thin bed of lignite. Beneath the alluvial soil i^n which part of the town of 
Rangoon stands, there is a stratum of decomposed vegetable matter about 2 
feet thick, thinning out and disappearing where it meets the sandstones, on 
which the cantonment stands. Above this stratum there is a fine blue clay; 
above the clay is the sandy clay of the rice-fields. We have the same orde^ at 
each of the coal outcrops in Burma,—argillaceous sandstones, blue shade, coal. 

At Thayetmyo the deposits have evidently been formed while the land was 

* Described by Dr. Oldhnm, Selections from the Sccords of the Government of India, Borne 
De;iartment, No. X, 1866; also by Mr. Theobald, Jfem., Q-. S. I, Voi. X, p. 296 (187^). 
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slowly sinking boneath tho soa, tko hmostonos overlaying the shales and sand* 
stones having been deposited on a sea bottom, when the head of the Qulf of Mar¬ 
taban was at Yonanchanng or Sagaing The sudden change in the angle of dip 
shows that there has been a great disturbance of the stiata. 

It seems to me that the coal worked 30 years ago was a portion of tho present 
4 feet seam, and that a fault runs between the main lull and the southein spurs; 
but Mr Lewis, who is carrying on tho work, secuis to think that tiio old dnft was 
diiven m tho wrong direction, and that he will find tho seam at the bottom of 
tho pit he IS sinking. On this thooiy there should bo two scams 4 feet thick, 
separated by GO or 70 feet of shale Tho question should be settled m a few 
days.* 

It is noteworthy that a similar nummulitic coal-field by the banka of the 
Indus has just been carefully tested by bonng and found to bo so irregular as to 
be worthless ® 

A senes of specimens illustrating tho rocks at the Padaukpm and Yenan- 
chaung oil-welk and the coal-mine it tho limo hill has been placed in the Phayre 
Museum. 

Ifit January 1885 


Note on ^ome Antimony Deposits m the Miulmiin Distnet, by W Ji Crippr, 

A R S M, F r S 

From Maulmain a range of hills cilloil tho Toungwayn, Toungmyo, or 
Amherst range, runs in a south-easterly direction thiough the province of Ten is- 
sciim Tho following remirks ajijily to that pait of thennge between Maulmuu 
and Amherst, a diatince of about*50 miles The lange is densely coveied with 
jungle, and is inhabited by a few K iicns, a good load tuns along its base 

These hills are munly composed of a hud siluious slite, the stiati of which 
are moio pi less distuibcd, but with a general dnection of north west south¬ 
east and a ntaily veitical dip, mica schists also occur Oveilying both nio soft 
sandstones moio oi less hoiirontal, acconpamed by quait/ose locks , while along 
tho (links and in tho plains below, bupciiicial deposits of latoiitc aie occasionally 
met with 

Limestone docs not appeal to exist in this range, but isolated hills or 
rather peaks are found near, which are lapidly disippeaiing through atmospheiio 
denudation Tho existing bills show the powei of this infiuence in their woiu 
sides and shaip angulxr peaks 

Tho minoials occurring in the range of hills under consideration aic iron oies 
and antimony Tho non ores might be of use should coal, good enough to smelt 
them, ever be found within a reasonable distance, and English competition 
cease 

* From recent information dated 22nd June, it wonld acem that tiie cxpeeled coil has not 

been found The Agent of the Murrij Coal Couipanj is, howevei, peiaevtiing with the explar«> 
tion—H B M. , 

* Sitpta, V 1 XVII, Pt 2 

C 



]52 


Beconh of Ihe Geological Survey of Itidia. [voL. xviil. 


• As long ago as 1800, attempts wore made at Toungwayn, near Maulmain, to 
work the antimony found there, in a hill called Tie-las-toung (antimony hill), 
but without success, the reason given being that the market value of the ore in 
Calcutta was too low. Other trials have been made since then, invariably with 
a like result. 

The antimony is 'in the form of stibnitc and occasionally cervantito. This 
latJ'fr mineral, which always occurs above the stibnitc and is probably due to its 
oxidation, was not known to the Burmese until pointed out to some of them 
recently by me, it having too great a resemblance to yellow earth to bo noticed 
by them. They are however well acquainted with stilmite, under the name of 
Taj-loo-chouk (antimony stone) or Tre-lro-byn (white antimony). The ceiwantite 
has obtained the name of Tm-lso-wa (yellow antimony). 

Tho stibnite occurs in pockets, or isolated masses in a whitish quartzose sand¬ 
stone, the rock in tho immediate neighbourhood being often stained of a bluish 
colour by the antimony itself. Tho deposits are generally found in or by tho side 
of dykes or rather fissures traversing the sandstone, filled with a whitish quart- 
zose rock, and usually having well-defined walls. ^ 

Tho Tm-lic-dwin, or so-called antimony mine, worked some time ago by 
Mr. O’Riley, then Deputy Commissioner of Maulmain, is situated on a hill called 
Lekka Toung, at tho 23rd mile from Maulmain on the Amherst road. It is 
merely an open quarry, some 50 feet in length (north-west—south-east), roughly 
roctangulai’, with a breadth of 12 feet, and about the same in depth. The de¬ 
posit is divided by well-defined walls from tho ordinary yellow sandstone sur¬ 
rounding it. 

The oi’o in these deposits dies out entirely, and no lode or evfn string is loft to 
show in what direction more may bo found. Si^ndsh)ue suiTounds it on all sides, 
and tho only chance of any indication lies in tho occurrence of an outcrop along 
or near the line of the dyke or fissure. ' From a single deiiosit a few tons only of 
ore is obtained. Tho richest ore is in tho centre, and may contain as much as 
70 per cent, of antimony (metal), and from this it graduates off into a blue 
slaty stone containing 2 or 3 per cent, only of the metal. 

Practically the chances arc small in favour of tho idea that small unconnected 
deposits like this can ever bo profitably worked. Should lodes bo found however, 
the case would be different. 

Through the energy and enterprise of a well-known advocate of Rangoon, 
mining operations on a small scale have lately been prosecutedT to prove this 
range of hills, as to the existence or not of true lodes in them. A hill seemingly 
favourable for mining purposes was selected, alid a level is being driven thi-ough 
at a short distance from its base. This work on completion will, in all probability, 
settle the question of lodes or no lodes for the Maulmain end of the range, tho 
hill being a typical one as far as can be judged. A great expenditure of dyna¬ 
mite is found necessary in cutting through the siliceous slaty rock mentioned 

^ It is to be regretted tbiit Mr. Criper ennnot give n more precise description of these roehs. 
There seems even some doubt whether the 'sandstone’ in which the stibnite occurs may not ho a 
partially disintegrated metamorphic rock. Tha quantitative diagnosis of ihe deposit is however 
the impovtant point of tho paper,—H. B, M. 

/ 
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above. Iron pyrites is occasionally met with in this slate, and on the whpto 
appearances are not entirely unfavourable for the occurrence of mineral in veins. 

I may here remark that copper (“ copper scoria *’) was said to be found at a 
place called Kyiok Myraw, on the Ahtaran side of this range, by Mr. O’Riley,— 
vide Selections from Records, Bengal Government, VI, 1862. On inspection I 
found three large mounds, each containing many thousand tons of rich iron slag. 
Enquiries on the spot from |tho old inhabitaniM and phungies (priests) failed to 
elicit any knowledge or oven tradition of a furnace having been in operation there. 
No iron lode could be found and no ojcfcavations were known of in the neighbour¬ 
hood. Pi-obably a very rich form of laterito occurring thcTO—almost an iron ore 
in fact—was used in the production of this slag. 1 have since learnt that more 
of such slag exists at a place called Wagardo, near Amherst. 

Among the drawbacks ta the carrying out of mining and prospcctiag opera¬ 
tions in British Burma, tho want of roads, badness of tlio conveyances, [thickness 
of tho jungle, and cost of labour, are tho chief. An ordinary cooly’s wages 
amount to Rs. 12 per month in Maulmain, and iu tho district 8 annas per day, 
except during tho paddy season, when 12 annas per day is usually demanded. 
The coolies arc chiefly Madrasis, with a few from Calcutta., the Burmese being 
too lazy and independent for hard work. Domestic servants are also Madrasis, a 
‘boy’ requiring Rs. 1(5 and a cook Rs. 18 (o Rs. 20 per month. In the district tho 
iispiil moans of conveyance on land is tho Burmese cart dmwn by two bullocks. 
As the. bt)dy of the cart inclines from front to. Ijack at an angle of about 45,® a 
long journey in one tloes not a.fford the acme of comfort. 

Tho best time for prosj)ecting is from Deccmiber to April, May and June being 
too hot, and fron» July to November every thing is under water, the rainfall being 
170 to 220 inches in Maulmain, and nearly that amolint in the other parts of 
Tonassorim. 

Government dak-bungalows are few tend far between, but along tho high roads 
at frequent intciwals zayats or rest-houses aye found, built by pious Burmese, it 
being considered a good work to build a zayat and as helping towaids the attain¬ 
ment of Nigban. 


Notes on the Kashmir Earthquake of 30th May 1885, by E. J. Jones, A.R.S.M., 

Geological Suwey of India. 

On tho SOtbMay, within a few minutes of 2-45 a.m., at which time a pendulum 
clock, set to local time, at the Residency in Srinagar, 
fho chief shock. stopped, a soveiu shock of earthquako was felt in tho 
Kashmir valley, whore inucli loss of life and damage to property gccurrod. Tho 
shock was also felt to .a less extent in all the surrounding country, and at Simla, 
Lahore, Peshawar, &o. 

This shock, which seems from its effects to have been of a severe character, has 
boon followed by slighter shocks up to the present time. 
Subsequent shocks. after the chief shock, a.s many as thirty- 

three distinct shocks were counted at Baramula. The frequency of tho shocks 
has, however, now considerably diminished, some ,days being quite free, and on 
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Damage done by the 
ehock. 


other dajs as many as four or fivo being felt in the day. As an example, on 
June 15th there was a shock about 4 a.h., which was more severe than those 
which have occurred recently ; two hours after another shock was felt, but of a 
much less severe character. 

Tho chief shock of May 30th seems to have been preceded on the evening'of 
Shock proceding the slight shock, which was noticed by several 

chief one. ^ persons. 

Tho loss of life and damago to property, though much less than was at first 
reported, has been* very considerable. The number of 
persons killed by falling buildings according to the present 
oflicial^roports was something over 3,000, while the num> 
her of cattle, horses, Ac,, killed was very great. 

The area over which tho shock was sufficiently severe to do serious damage to 
buildings is also much less than was at first ^supposed; it 
Bhwlk wnTswcroly extends from the neighbourhood of Srinagar on the south¬ 

east, round a little north of Sopur, and by Baramula down 
Uie Jhelum valloy as far as tho fort of Chikar near Garhi; the country south of 
Sqpur has also auffei’ed as far as Magam (or Margaon) on tho road from Srinagar 
to Gulmai'g. About 25 miles north-30**-west of Uri is a solitary case where a 
fort near Titwal on tho Kishengunga rivor has been slightly damaged. Down 
the valloy of tho Jhelum between Uri and Chikar the damago has not been 
general, the forts being the only buildings that have suffered. The area over jBrhich 
the shock was severe enough to cause a largo amount of damage may bo roughly 
estimated as between 300—400 square miles, though the actual area including all 
tho damaged buildings is something over this. «. 

Most of the buildings Consist of stones and wood in which mud takes the place 

St le of bu'ld’n mortar, and they are covered by a heavy roof, frequent- 

^ ' ly composed of dried mud supported by rafters, resting 

partly on the walls and partly, on a few wooden pillars inside the building. 

These buildings do not throw much light upon tho direction in which'the wave 
Diilicalty of drawing travelled, as they apjDear, when shaken by the shock, to have 
conclusioiiB from the boon unablo to support the weight of the roof, which 
effects on the buildings. accordingly fell down inside tho building and in most cases 
crushed any living thing of any size to death, while the walls having nothing to 
hold the mass of stones and (in many cases rotten) wood together fell to pieces; 
in some cases however parts of tho walls fell down and the roof remained. Very 
little, if any, assistance can be obtained from these structures in obtaining data as 
to direction in which the wave travelled; tho diffi Ailty is also enhanced by the fact 
that tho ruins were immediately disturbed and dug into in order to rescue the 
wounded and get out the bodies of the dead, and to obtain tho wood for the purpose 
of erecting temporary huts. , 

There are, however, some cireumstances that point to the conclusion that tho 
wave path ran nourly north and south at Srinagar, as a 
Possible path of tho hanging-lamp at the Residency was found after tho shock 

to be swinging approximately north and south, though no 
exact observation of tbo direction was taken. The cracks in the walls of tho Rcsi- 

/ 


wove. 
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dency also tend towards this conclusion: those walls whieh run north and south 
exhibit ciucks, while the long walls running east-west have not boon cracked, 
though they have become separated from the north-south walls by cracks. At 
Baramula, of those buildings which are at all favourable for observation, the walls 
running cast-west have fallen more generally than those running north-south, as 
for instance the dak bungalow, a long building containing six sets of rooms, 
where the north wall facing the river and the roof covering the i3hief rooms, fell, 
while the back of the bungalow to the south suffered but little damage. In the 
fort at Baramula, which is partly built* with mortar instead of mud, the tower at 
the north-west comer fell into the river, and the west wall running north and south 
has been cracked, and the top of both the east and west walls has fallen down. 

The forts and huts which have been damaged along the valley of the Jholum 
to the west of Baramula afford no trustworthy evidence. 

At Baramula and higher up the river a number of earth-fissures have been 


Earth-fissures. 


formed along the banks of the river, and occasionally at 
some distance from the river. The fissures I have seen 


were parallel to the course of the river, but owing to the water in the river stand¬ 
ing at a very high level at the time I passed up, the surrounding country was 
flooded, and 1 was unable to see many of the fissures that are said to exist. 

At Patan, which is some distance south of the Wular lake, there are some fissures 
running south-east—north-west and parallel to a line of low hills. I also noticed 
at thu place one fissure running at right angles to and crossing all the rest. The 
size of these fissures varies from an inch to a yard in width. 1 saw no single ones 
of more than 100 yards in length, though they run into one another. The depth 
cannot well be seen, as the fissures are now blocked up. 

.1 am informed tliat there ai-e some much larger fissures at a short distance 
from Baramula, some of them being 30 yards in width 
° and a quarter of a milo or so in length. 1 nope to see them 

before my observations arc concluded. • 

In the neighbourhood of the fissures there arc numerous patches of fine sand 
, which have been forced up from some distance below the 
Sand craters. surface ; they vary from 2 to 5 feet in diameter. The vil¬ 

lagers state that at first this sand gave off a sulphureous smell. TJto sand resembles 
fine river sand, but differs slightly in character in the different localities where it 
is found. 

The shocks were accompanied by a sound which, in the case of the chief one, 
was described to me as like a hundred cannon going off 

Sounds accompanying once. The noise appears to have preceded the shock 
too ahocks. , .. .. , . , 


Sand craters. 


northerly direction. 


by a short interval of time and to have como from a 


Camp Skimaciau, 
Tho ISth July 1885. 
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Preliminary nolice of the Bengal Earthquake of 14th July 1885, by H. B. 

Medlicott, M.A., Geological Stirvey of India. 

Some mention of this earthquake may be expected in the current number of 
the Records, but it can only be to announce that observations are being made by 
officers of the Geological Survey where the shock was most severely felt. Mr. C. S* 
Middlemiss is taking notes at Scraiganj, Sherpur (in fhe Bogra district), Mai- 
mansing, and Dhaka (Dacca) ; and Mr. N. Bose is visiting Nattore, whence 
some peculiar effects have been reported. The time of the occurrence was rigorously 
fixed for Calcutta by the stopping of tho three regulator clocks at the Meteorological 
Observatory, from which tho time-signals to the port are made, as checked by daily 
astronomical observations; the hour was 6h. 24m. 128., on the forenoon of the 14th. 
The clocks stand duo north-south, facing cast. It is very doubtful that any com¬ 
parable observation can be obtained elsewhere; but the time element is not the 
most important. As to the direction at Calcutta, the most reliable observation I 
have hoard of was that by Mr. E. C. Cotes, of the recently filled cistern of a gas¬ 
holder on tho premises of tho Indian Museum; tho water was seen to spill to a little 
esist of north. This is, too, the direction suggested by the general report of damage 
done, which is very markedly concentrated in the upper deltaic area traiversed 
by the Brahmaputra. In parts of this area slight shocks and tremours have 
continued since tho main shock until now. No notice of the shock has boon 
reported from Cachar or Upper Assam, which is the region most frequented by 
such visitations in this part of India. As to the angle of emergence, I know of 
no safe data; cnicks in the walls of houses arc numerous enough, but it is very 
difficult to make sure that they are not old ones that had been plastered over, 
Tho most distinct case of overthrow that has come to notice w'Rs that of a heavy 
plaster cast leaning against the north wall in a recess some 12 foot above the floor 
in the palaeontological gallery of the museum, but it must have been in a dangerous 
state of unstable equilibrium; for several others similarly placed, and by no means 
so stable as they ought to be, did not fall. For tho comfort of visitors I may add 
that these are now being made fast. 

The area indicated is, so far as I know, a hitherto unsuspected position for a 
seismic focus, at least from recorded earthquake observations; but it is noteworthy 
that within that area, north of Dhdka and west of Maimansing, lies tho ground 
known as the Madhopur jungle, which was described by Mr. James Porgussou in his 
admirable paper on the delta of tho Ganges^ as duo to an upheaval, “ which there is 
every reason to suppose took place in very reccut^Lmes.” It is described as pre¬ 
senting a more or less scarped face of deltaic deposits along its we.-tern side, raised 
about 100 feet at>ovc the actual alluvial ai’oa, and sloping eastwards under tho old 
bed of tho Brahmaputra, and losing itself in the Sylhet jhocls (swamps). This 
form is certainly very suggestive, of an actual upheaval along tho western edge, 
and this lino, running past tho end of the Garo hills on towartls Sikkim (where tho 
recent earthquake was very sensibly feltj, would approximately suit for tho axis 
of the seismic area as now indicated. But this view of the Madhopur jungle 

Qua". Journ, Qeol. Soc., London, vol. xix, p. 329, 1863. * 
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needs verification, for there are grounds for supposing that it may bo only 
an insulated remnant of a former more extensive deltaic surface, other remains of 
which are found in the terraces of old alluvium at many places on the borders of 
the present deltaic alluvium. 

There is another feature described by Mr. Forgusson (Z.c. 333) that must be 
taken into consideration in the present discussion, namely, the change that occurred 
early in this century in the course of the Brahmaputra. When Major Bonnell 
surveyed these rivers in 1785, the whole Brahmaputra, which is perhaps a greater 
silt cairicr than the Ganges, flowed b/ Maimansing, east of the Madhopur jungle, 
and did much work in filling up the depressed area of the Sylhot jhoela. It 
was then driven back from this ground by the corapamtively insignificant eastern 
streams, as is so well explained by Mr. Fergusson, and fell over into the aim 
west of the elevated tract, where it now flows some 60 miles to the west of its 
former course, in the very ground where the recent earthquake has done such mis¬ 
chief. It is not impossible that the accumulation of 70 years’ deposits from the great 
river may have had some influence in producing the catastrophe. 

There has been in the daily papers so much loose writing upon earthquakes 
on the occasion of the recent events in Kashmir and Bengal, that it may not bo 
amiss to make a few general remarks on the subject. It is only partially true, 
and in respect of details, that the subject is ‘shrouded in mystery.’ It is not 
disputed that every smallest cause must have some effect: when a musquito alights 
on a mountain the state of equilibrium is somewhat difierent from before, when 
the monster’s weight was distributed by air vibi’ations. It is well known that the 
volcano Stromboli is looked upon as a barometer by the sailors of tho surrounding 
seas ; still to spc»k independently of variation in atmospheric pressure as the cause 
of volcanic eruptions, and still ipore so as a cause of earthquakes, is to lose sight of 
all sense of proportion. In tho same connection, there is no doubt that high-pressure 
steam plays a conspicuous part in volcrfnic phenomena and their attendant earth¬ 
quakes ; and that even in other earthquakes steam is ever ready to flash into any 
temporary fissure that may be formed; but to speak of steam scouring through sub¬ 
terranean caverns, bursting from one to another, and so causing earthquakes, is to 
indulge in geological romance « la Jules Femes, for which there is little excuse 
when wo have so much solid ground to judge from. No one who has ever been in 
a region of true mountains, such as tho Himalaya, with his eyes open, should have 
any misgivings as to the cause of earthquakes, on seeing around great thicknesses 
of bedded rocks that must once have been flat, now twisted into knots and snapped 
asunder liko twigs. Of course the hiatus in thought lies in tho familiar asstunp- 
tion that tho rocks wore made so, or that all this performance came off in pre- 
Adamite times. The truth is that that sort of thing is going on,now; the Hima¬ 
layas themselves have not done growing. The crust of the earth is continually 
in a state of strain, owing probably in some degree at least to relative changes of 
the internal and external volumes due to secular*refrigeration, and to other disturb¬ 
ances of equilibrium, such as tho wholesale removal of matter from one part of tho 
surface to another (of which the case suggested is an instance), amounting in time 
to enormous quantities. Thus there are re-adjustments of equilibrium always 
going on.» They for tho most part take place so slowly qs to be imperceptible, 
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but sudden collapse must often occur, producing the shocks wo know as earth¬ 
quakes. It has been ascertained with much certainty that the greater earthquakes 
have their origin at considerable depths, as much as 30 miles, below the 
surface; though no doubt very destructive local shocks may arise from a much 
nearer focus. 

The suggestion for warnings of approaching earthquakes is not promising, 
and it is only cwon plausible whore seismic activity is more or less chronic. Of 
tho greater disturbances that extend far from the focus there would probably bo 
no symptom whatever, unless, perhaps, in tho neighbourhood of the focus. Even 
at the seat of activity the attempt would probably be futile, for the many potty 
disturbances that pass off without serious sequel could hardly be distinguished 
from those that precede violent shocks, and tho warnings would soon come to 
illustrate tho “ wolf, wolf" alarm of the nursery tale; so that such warnings 
might on tho whole create a greater aggregate of anxiety and suffering than it 
was intended to relieve. 


ADDITIONS TO THE MUSEUM. 

Fbom IsT Afbib to 30th June 1885. 

Two upecimens of alluvium—one from River Dlmrla near Mogul Haul Railway Station, 
Rungpove District, and tlie other from River Gangadhar, Assam. 

* Pbxsented bv Mb. R. T. Mablbt. 

Lignite from Sivalik Sandstone, Bhdtan, North of Barpc|», Assam. 

Fboh the Deputy CoMHissiqNEB of Kambup. 

Various fossils (22 in number), from Perim Island and other places in Kathiawar. 

Pbesbnted by Azah Yajishanxeb Gaubisraneeb, Asst. Dewak of Bhavnaoab. 

Cervantito, and antimony smelted from tho'same, from the Tonngweine Range, near 
Maulmain. 

Pbesbnted by Mb. Oeoboe Dawson, M^ubiiain. 

Specimens of phosphatic rock and phosphatic nodules, from Masuri. 

Pbesentbd by Rev. J. Pabsons, Masubt. 

Section of a vertical pipe used for carrying the shaft water from one water ring to another in 
No. 3 Pit, Warora Colliery, the interior encrusted with a deposit of carbonate of limei 
which was formed in fifteen months. 

Pbesbnted by Mb. C. J. Bunino, Offo. Dy. Manaobb, Waboba Coxueby. 

Specimens of egeran from the * Rer ’ quarry, northern base of the Chattarbhaj Hills, Tonk. 

Pbesbnted by Libut.-Cox. W. J. W. MuIb, Politicai^qent in Habowtee and Tons. 

Three pieces of the meteorite that fell at Pirthalla, Burwala Tahsil, Uissar District, Punjab, 
on the 9th February 1884. The largest piece weighs 510'6 grammes; the second, 425*7 
grammes; and the third, 224*2 grammes. Its specific gravity is 3*40. 

Fbom the Govebnmbnt of the Punjab. 

<• 

The greater portion of the meteorite that fell at Chandpdr, Mainpdri District, N.-W. P., on 
the 6th April 1885. It has since been out into two ; the larger piece weighs 625*5 
grammes, and tho smaller, 491 grammes, and its specific gravity is 3*26. It weighed 
1201*3 grammes before cutting. 

Fbom the Coluctob of .Mainp^bi. 

« • 
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ADDITIONS TO THE LIBRAKY. 

* Fbuu Ibt Apbil to 30tii Jure 1886. 

Titles of Boohs. Donors.. 

Ball, F.— On the identification of the animals and plants of India which were known to- 
early Greek avithors. 8" Pam., Dublin, 1885. Tns Aothob. 

GtANFOBP, Wi T. —The African Element in the Fauna of India : A criticism of Mr. Wallace's 
views as expressed in the ‘ Geographical Distribution of Animals'. 8° Pam. 
Calcutta, 1876. The Authob. 

Bborr's Kiassen und Ordnnngeu des Thier Itcichs. Band II, Porifera. Iiief. 7 ; & Band VI, 
Ahth. I. Fische. Pisces, Lief. 4; and Band VI, Abth. Ill, Reptilicn, 'Lief. 
43—lo. 8" Lei))/.ig*.188.‘5. 

Contributions to the History of Edneation. Historical Sketches of the Universities and Col¬ 
leges of the United States. 8’' Washington, 1883. Home Defabimbrt. 
Davidsor, T., and Kiho. W ,—On the Trimerellidsc, a Palmozoic Famil 3 'of thePalliobranchs 
or Brachiopoda. 8“ Paui. 1874. The Authobs. 

DocolaS, Stlus II., and Pbkscott, Albert B. —Qualitative Chemical Aual.ysis, 3rd Edition 
8* New York, 1881. 

Emma Mine investigation. Ist Session, 14th Cbngres.s, 1875-76. 8° Washington, 1876. 

Home Depahtmbrt. 

Er.ej’clopredia Britannica. 9th Edition, Vol. XVIII. 4“ Edinburgh, 1885. 

Fischrb. Dr. Paul. — Maiutcl do Conchyliologie el de Paldontologie Conchyliologiqne. Fnsc. 

, I—VIII, and Atlas. 8° ^aris, 1886. 

Fiutsch, Dr. Ant. —Fanna der Gaskohlc und der Kalksteinc der Permformation Bdhmons 
Band II, heft 1. 4“ Prag, 1885. 

General Examinati^rn of the Atlantic Ocean. 8® Washington, 1870. Home Depabtmbnt. 
General information. Series No. 1. Information from abroad. Observations upon the Korean 
Coast, Japanesc-Korean Ports, and Siberia, made daring a journey from 
the Asiatic Station to the United States through Siberia and Europe, Juno 
3rd to September 8th, 1882. 8" Washington, 1883. 

Home Depahtmbrt. 

Haueb, P'r. Jtittsr u.—Berichte iiber die Wasservcrhultnisse in den Kcsselthiilci'n von 
Krain. 4“ Pam. Wien, 1883. The Aothob. 

Jaoraux, Raoul .—Traitd pratique d’analyses chimiques et d’essais industricls. 8“ Paris, 

1884. 

LtrostbOM, Q .—Fbrtcckning iifver Kiksmusci Meteoritsamling. 8® Pam. Stockholm 

1885. The Authob. 
L6cz'r, Louis (fe.—Esquisses de I’ethnographio des Chinois. 8° Pam. Budapest, 1884. 

The Author. 

Mabtir, K .—Dio Tortiarsehichten aut Java. Nach den Entdeckungen von Fr. Junghuhn. 

Falseontologischer Tbeil, allgomoinor Theil, and Anhangf 4° Leiden, 1880. 
Mines and Mining west of the Bocky Mountains, 2nd Session, diet Congress, 1869-70. 8® 
Washington, 1870. • Homb Dbfabtmbrt. 

Mojsisovics, E. V., und Nbumayb, Af.—Beitriige zur Paliiontologie Osterreioh-Ungams and 
des Orients. Band V. heftn. 4“ Wien, 1886. 

Naval FrofesBioDBl Papers No. 14. Papers and discussions on experimests- with steel, 
reprinted from various source.^. 8° Washington, 1883. 

• \ Home Depabtmert. 

• I) 
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Tltlcit rtf liuoJes. ' Dumrs. 

.'Nikitin, S. —Die Cephalopodesfauna der JuraLildungeu des Gonvornements Kostroma. 4® 
St. Petersburg, 1884. The GEOtooiCAt Depabtmknt. 

Owen, Sir Richard. —History of British Fossil Beptiles. Vols. I— I'V. Text and Plates. 
4* London, 1819—1884. 

Paldontologle Fran^aisc. 1 re S6rie, aniinaux invorldbrds. Terrain Jurassiquc, livr. 76—77 
f Paris, 1886. 

Phtnam, Charles E. —Elephant-pipes in the museum of the Academy of Natural Sciences, 
Davenport, Iowa. 8“ Pam. 'Davenport, loiva, 1886. The Academy. 

OuKNsTEDT, Ev. Aug. —Ilandbuch dcr Petrefactenkundc. Auflage III. Lief 21—22 8° 
Tubingen, 1885. 

Bknavlt, M. B .—Coins de Botanique Fos.sile fait au Musdnm d’Histoiro Naturellc. Vol. 
IV. 8' Paris, 1886. 

Bepoi'ts of Exjilurations and Surveys to ascertain the practicability of a ship canal between 
the Atlantic and Pneitie Oceans by the way of the Isthmus of Darien, in 
1872—73. 4® Washington, 1874. Home Department. 

Hciiorts of Explorations and Surveys to ascertain the practicability of a ship canal between 
the Atlantic and Pacific Oceans, b 3 ' the way of the Isthmus of Tehuante¬ 
pec, in 1871—72. 4® Washington, 1872. Home Department. 

IloM.iNOWSEJ, G ,—Gcologiseho und paluontologiscbe Uebcrsicht des nordwcstlichen Thian- 
Schau und des sUdostlichen Theiles dcr Niederung von Tnran. Lief I. 
4® St. Petersburg, 1880. The Geolooicai, Department. 

SroN, Ernest. —The present pr.acticG of sinking and boring wells, with geological considora- 
tions and examples of wells executed. 8° London, 1885. 

The Nonvegian NortVi Atlantic Expedition, 1876—1878. XTI. Zoology: Pcnnatulidse, by 
D. C. Danielssen and Johann Korem. XIII. Spongiadai, by G. Arinancr 
Hansen. 4° Christiania, 1884—1886i The Committee. 

Thomson, Sir C. Wylrille, and Murray, John, —Report on the scientiiic results of the 
voyage of H. M. S. Challenger during the year 1873—76. Vol. XI. 
Zoology. 4® London, 1884. Secretary oe State for India. 

Tscuernysciiew, Th. —Der Permische Kalkstein in Qouvemement Kostroma. 8® St. Peters¬ 
burg, 1885. The Geological Department. 

United States of America, War Department. Professional Papers of the Signal Service. 

No. XI. Meteorological and Physical observations on the cast coast of 
British America. 4° Washington, 1883. Home Department. 

Waldib, T>. —Obsci-vations of the iiltration of the Hugh water for the Calcutta wator- 
supply. 8® Pam. Calcutta, 1874. The Author. 

„ On the muddy water of the Hngli during the rainy season with reference to 

its puriGcation and to the Calcutta’ water-siippl}'. 8® Pam. Calcuttii, 
tl873. The Author. 


PERIODICALS, SERIALS, Ac. 

American Journal of Science. 3rd Series. 'Vdi. XXIX, Nos. I7l—173. 8° New lluven 
1886. 

American Nuluralist. Vol. XVIli. No. 12, (1881), ami XIX, Nos. 1—3, (1885.) 8® Phila- 
delph^'V, 1881-1885. r 
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titles of Books. Donors. 

Annalen der Physik und Chcmie. Noue Folge. Band XXIV, Nos. 3— L, and XXV, Nos. 
1— 2. 8® Leipzig, 1886. 

Aniialcs des Mines. 8™' Sdrie. Vol. VI, livr. 6—6. 8° Paris, 1884. 

Annalcs des Sciences Gc^ologiqucs. V(j1s. XV .ind XV^I, Nos. 1— 2. 8° Paris, 1884. 

Aniuiles des Scioncos Naturolles. Botiiniquc. 6™* Sdrie. Tome XX, Nos. 4—6 8® Paris, 
1886. 

AnnalcH des Sciences Naturolles. Zoologie et Paldontologic. 6'“' Sdrie. Tome XVII, Nos. 

6—6, (1884), and XVIII,'Nos. 1-3 (1885). 8° Paris, 1884-85. 

Annals and Magazine of Natural History. 6th Series. Vol. XV, Nos. 87—DO. 8° Lon¬ 
don, 1886. 

Archiv. fur Naturgcschichto. Jahrg. XLIX, Heft 0. 8“ Berlin, 1883. 

Atbcnaeiiui. Nos. 2993—3006. 4“ London, 1885. 

Beiblatter zu den Annalen der Physik und Chemic. Band IX, Nos. 2—6. 8° Leipzig, 
1885. 

Bibliothbquc TJuiverselle. Archives des Sciences Physiques et Naturelles 3'"' Pdriodo 
Tome XII, No. 12, (1884), and XIII, Nos. 1-3, (1885). S'" Genbve, 
1884-86. 

Bibliothbquo Gniverselle et Bevuo Suisse. 3"'* Pdriodc. Tome XXV, No. 73, to XXVI, No. 
76. 8® Lausanne, 1885. 

liotanischcr Jahresbericht. Jahrg. X, Abth. I, Heft 2. 8® Berlin, 1886. 

Butam.sches Ccutrul Blatt. Baud XXT, Nos, 9—13, and XXII, Nos. 1—9. 8” Cassel, 
1885. 

Chemical News. Vol. LI, Nos. 1319—1332. 4° London, 1885. 

Colliery Guardian. Vol. XLIX, Nos. 1261-1274. Fol. London, 1885. 

Das Ausland. Jahrg. LVIll, Nos. 9—22. 4® Stuttgaif. 1885. 

Geological Magazine. New Series. Decade III, Vol. 11, Nos. 3—6. 8° London, 1885. 

Iron. Vol. XXV, Nos. 634—647. Fol. London, 1885. 

Journnl dc Conchyliolflgie. .3""’Serio, Tome XXIV, No. 4. S'" Paris, 1881. 

.Tournal of Science. 3rd Series. Vol. VII, Nos. 133—136. 8" London, 188.3. 

London, Edinburgh und Dublin Pliilo.sophicnl Mngitzine and .lournal of Suience. 5lli Seiics. 

• Vol. XIX, Nos. J19—121. 8® London, 1885. 

Mining Journal, with Supplement. Vol. LV, Nos. 2584—2597. Fol. London, 18.S5. 

Naturae Novitales. Nos. 4—11. 8® Berlin, 1885. 

Natnre. Vol. XXXI, No. 801, to Vol. XXXII, No. 814. 4® London, 1885. 

Neues Jahrbuch fur Mineralogie, Geologic und Paheonlologic. Jabrg. 1885. Baud I, 
Heft 2—3. 8° Stuttgart, 1885. 

Neues Jahrbuch fiir Mineralogie Geologic und Palseonlologic. Beihige. Baud III, llcft 3. 8* 
Stuttgart, 1885. 

P.ala3ontograpliica. Band XXXI, Lief 3—4. 4® Cassel, 1885. 

Petermann’s Gcographische Miltheilungen. Band XXXI, Nos. 3—6. 4® Gotha, 1886. 

„ „ Abdruck aus Band XXXI, Ilelt 4. pp. 148— 

16C. 4° Gotha, 1885. 

„ „ Supplement, No. 77. 4® Gotha, 1885. 

Professional Papers on Indian Engineering. 3rd Series, Vol. HI, No. 9. Fisc. Boorkee, 1884. 
Quarterly Journal of Microscopical Scieuce. Upw Series. Vol. XXV, No. 98. 8° London, 
1885. 

Zeitsohrift Piir Naturwissenschafton. Folge 4. Band III, Heft 6, (1884,) and IV, Heft 1, 
(1885.) 8®Halle, 1884-1885. 

Zoological Record for 1883. Vol. XX. 8“ London, 1884. 
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GOVERNMENT SELECTIONS, REPORTS, Ac. 

Titles of Books. Donors. 

Denoal. —Quarterly Bengal Array List for April Ist, 1885. New Series, No. 92. 8® 
Calcutta, 1886. Govebnmeht or India. 

„ Report on Forest Administration in the Chota Nagpur Division of Bengal, with 
a map. By D. W. Schlich., Ph.D. Fhc. Calcutta, 1886. 

Govbbnuent or India. 

Boubay.—M agnotical and Meteorological Observations made at the Government Observatory, 
Bomb.iy, 1883. By Charles and F. Chambers. 4° Bombay, 1884. 

Bombay Government. 

„ Selections from the Records of the Bombay Government. New Series. Nos. 167 
—169. Fisc. Bombay, 1886. ' Bombay Government. 

India.— Annual statement of the trade and navigation of British India with foreign coun¬ 
tries, and the coasting trade of the several Presidencies and Provinces, in 
the year ending 31st March 1884, No. 18. 4° Calcutta, 1885. 

Government or India. 

„ List of Civil Officers holding gazetted appointments under the Government of India 
in the Home, Legislative, and Foreign Departments, as it stood on the 1st 
.T.muary 1885. 8" Calcutta, 1885. Government of India. 

„ Meteorological Observations recorded at six stations in India in 1884, reduced and 
corrected. November and December 1884. 4° Calcutta, 1884-85., 

Government or India. 

„ Report on the course of Instruction given at the Forest School, Dehra Dun, during 
1881. Fisc. Dehra Dun, 1885. Govep.nmbnt of India. 

„ Report on the Meteorology of India in 1883., By II. F. Blanford. 4° Calcutta, 
1885. Govebnment of India. 

„ Selections from the Records of ihe Government of India, Foreign Department, 
No. 201, Fisc. Calcutta, 1885. Government op India. 

„ Statistical Tables for British India. 4® Calcutt.'i, 1886. 

Government or India. 

Madras. —Annual Administration Reports of the Forest Department (Southern and North¬ 
ern Circles), Madras Presidency, for the official year 1883-84i. Fisc. 
Madras, 1885. Madras Government. 

Pi'NJAB.—District Gazetteers: Kangra, Vol. II, and Karnal. 8° Calcutta and Lahore, 
1883-84. Pdniab Government. 

„ Report on the Administration of the Punjab and its dependencies for 1883-84. 

Fisc. Lahore, 1884. Punjab Government. 


TRANSACTIONS. PROCEEDINGS, &c.. OF SOCIETIES, SURVEYS, Ac. 

Batavia. —Bookwerhen ter tafel gibracht in da Vergadringen Van de directie der Kon. 

Nat. Vereen. Gedurende Set Jaar 1884. Juli—December. 8” Batavia 
1886. . Tbb Society. 

„ Catalogns der Bibliotlieek van de Kon. Nat. Veraen in Nederlandsch-Iudie.- 
8“ IfAtavia, 1884. The Society. 
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Titles sf Books. Donors. 

Batavia .—Natunrkundig Tijdschvift voor Nederlandsh-Indic. Dccl XLIV. 8“ Batavia, 
1886. The Socibtv. 

„ Nederlandsh-Indisch Plakaatbock, 1602-^1811, Deel I, door J, A. Van der 
Chijs. 8® Batavia, 1886. The Society. 

„ Notulen van het Bataviaasch Genootschap van Kunstcu m Wctcn8chap];)cn. 

Deal XXII. Afl. 4. 8“ Batavia, 1885. • The Society. 

Bbblie.— Zcitschriftdcr Dcntschen Geologisclicn Gcsellschafl. Band XXXVI. licft 4, (1884), 
and XXXVII. hoft 1, (ljfe5). 8“ Berlin, 1884—1885. The Society. 

Boston. —Memoirs of the Boston Society of Natural History. Vol. III. Nos. 8—10. 4“ 
Boston, 1884. . The Society. 

„ Proceedings of the Boston Society of Natural History. Vol. XXII., parts 
2—3. 8® Boston, 1883—1884. The Society. 

BbistoIi. —lleport of proceedings at the annual meeting of the Bristol Museum and 
Library, held 26th February 1885, willi list of Officers and Council. 
8“ Biistol, 1885. The Mcsecm. 

Bbusseis.—A nnales de la Socidtd Royalc Malacologique de Belgique. S™*. Sdrie, Tome 
III. 8® Bruxelles, 1883. The Society. 

„ Procos-Verbaux des Seances de la Socidtd Royalc Malacologique de Belgique. 

Tome XII. p.p. 109—147, (1883), and XIII. p.p. 1—104 (1884.) 8®, 
Bruxelles, 1883—1884. The Society. 

Bulletin de la Socidtd Royele Belgo de Gdogmphic. Annde VIII. No. 6, 
and IX. No. 1, 8® Bruxelles, 1884—85. The Society 

„ Bulletin du Musde Royal d’Histoiro Naturelle de Belgique. Tome III. 

^Nos. 2—4. 8® Bruxelles, 1884—1885. The Mctsecm. 

Budapest. —Brlauterungen xur geologischen Specialkarte der Lander der Ungarischen 
Krone. Blatt k- 15. 8” Budapest, 1884. 

. Royal Hunoabian Geological Institute. 

„ Naturhistorischo Hefte, herausgegeben vom Ungarischen National Museum. 

, Band IX, No. 1. 8® Budapest, 1885. The Museum. 

Calcutta. —Journal of the Agricultural and Horticultural Society of India. New Series, 
Vol. VII., part 3 8° Calcutta, 1885. The Society, 

,, Centenary Review of the Researches of the Asiatic Society of Bengal, from 
1784 to 1883. 8® Calcutta, 1885, The Society 

„ Journal of the Asiatic Society of Bengal. New Scries. Vol. LlII., part 2, No. 3 
(1884), and LIV., part 1 , Nos. 1—2 (1886). 8° Calcutta, 1886. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal. Nos. 2—3. 8* Calcutta, 1886. 

The Society. 

„ Memoirs of the Geological Survey of India. Vol. XXf, parts 3—4, 8°, 
Calcutta, 1885. Geological Subvey op India. 

M PalsBontologia Indica. Series IV. VoL part 4. 4® Calcutta, 1885. 

Geological Survey op India. 
Records of the Geological Survey of India. Vol. XVIII, part 2. 8" Calcutta, 
* 1885. • • Geological Subvey op India. 

^ Report on the Archmologioal Survey of India. Vol. XIX. 8" Calcutta, 1885. 

^ Home Depabtment. 
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TiHea of Jioolcs. Donors. 

C’ALrL'rw.—Survfij- of Indifi Department. Comparative scales of kiloraetres, miles anti 
versts, the Russian alphabet, and tables of Russian weights, measures 
• and money. Prepared under the direction of Colonel 0. C. DePr^e, S.C., 

Surveyor General of India. Fisc. Calcutta, 1886. Suuvey of India. 
,, Survey of India Department. JNotes for March and April 18^5. Fisc. Debra 

pun and Simla, 1885. Svbvet of India. 

C.iMiiBiDOE.—Nineteenth Annual Report of the Museums and Lecture Rooms Syndicate. 

'1° C.ambridge, 1885. ' The Universitf. 

„ Proceedings of the Cambridge Philoaophic.'il Society. Vol. V, parts 1—3. 

8“ Cambridge, 1881—85. The Society. 

„ Trans;Mjtions of the Cambridgt! Philosophical Society. Vol. XIV, part 1. 

4° Cambridge, 1885. , The Societv, 

CAMUBiDaE, Mass. —Bulletin of the Museum of Comparative Zoology. Vol. VII. Nos. I—6 
(1881), Nos. 7—8 (1882), and No. 11 (1884), with title page, contents 
and Index for Vol. VII. 8“ Cambridge, 1881, 1882 and 1884. 

Museum of Comfabative Zoology. 
„ Memoirs of the Museum of Comparative Zoolog}'. Vol. XI, part 1. 4", 

Cambridge, 1884. Museum of Comfabaiive Zoology. 

Delit. —Annalcs de I'Ecolo Polytechnique do Delft. Livr. 1—2 4° Leide, 1884—86. 

L’Ecole Polytechnique de D»^lft. 
Dresden. —Festschrift der Nniurwisscnschaftlichcn Gesellschaft Isis in Dresden. 8“ Dres¬ 
den, 1885. The Society. 

Dublin. —Scientific Proceedings of the Royal Dublin Society. New Series. Vol. IV, parts 
5 — 6. 8° Dublin, 1884—85. The Society. 

„ Scientific Transactions of the Royal Dublin Society. New Series. Vol. 111. 

Nos. 4—0. 4° Dublin, 1884—85. • The Society. 

Edinbuboh. —Transactions of the Royal Scottish Society of Arts. Vol. XI, part 2. 8“ 

Edinburgh,1884. The Society. 

Geneva. —Mdmoires de la Socicld de Physique ct d’Histoire Naturelle de Qenev,e. Tome 

XXVIII, part 2. 4° Geneve, 1883—84. The Society. 

Halle. —Nova Acta Acadcinim Cmsarem Leopoldino-Carolinao Germanicae Naturse Curio- 
sorum zu Halle. Vole. XLV & XLVI. 4“ Halle, 1884. The Academy 
„ Leopoldina. Heft XIX. 4° Halle, 1883, The Academy. 

Hobabt Town. —Papers and Proceedings of the Royal Society of Tasmania for 1884. 

8“ Hobart Town, 1885. The Society. 

Lausanne. —Bulletin de la Societd Vandoise des Sciences Naturelles. 2nd S5rio. Vol. XX. 

No. 91. 8° Lausanne, 1885. The Society. 

Ley'dbn. —Sammlungen des Geologischen Rcichs-Musenma in Leiden. 1. Beitriige znr 
Geologie Ost-Asiens und Australiens. Heft. 1—10. By Dr. E. Martin 
and A. Wichmann. 8° Leiden, 1881—84. 

Lieoe.— Annales de la Soci5td G^ologique do Belgique. Tome X. 8° Lidge, 1882-83. 

The Society. 

Lisbon. —Commnnioa^fies de Secfao Dos Trahaltios Qeologicos de Portugal. Tome I. fasc 1. 

8° Lisboa, 1885. Geoloqical Subvbt of Fobtuoal. 

London. —Catalogue of the Fossil Mammalia in the British Museum, (Natural History.) 

Part I.^By Richard Lydckker. 8° London, 1886. Thb*"Museum. 
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Titles cf Books. Donors. 

London.— Journal of the Anthropological Instiiuioof Great Britain and Ireland. Vol. XIV, 
No. 3. 8“ London, 1885. 

„ Journal of the Iron and Steel Institute. No. 2, 1884. 8° London, 1884. 

The Institute. 

„ Journul of the Royal Asiatic Society of Great Britain and Ireland. New Scries. 

Vol. XVII, part 1. 8“ London, 18«5. , The SoCIETT. 

„ Journal of the Society of Arts. Vol. XXXIII. Nos. 1684—1697. 8“ London 

1885. • The Society- 

„ Miiu*rah>gical Magazine and Journal of the Mincralogical Society. Vol. VI, 

No. 28. 8" London, 1884. 

., Proceedings of the Royal Geographical Socict}-. New Series. Vol. VII. Nos. 

1—4. 8° London, 1885. The Society. 

„ Proceedings of the Royal Society of London. Vol. XXXVIII. No. 233. 8°, 
London, 1884. The Society. 

„ Quarterly Journal of the Geological Society of London. Vol. XLI. No. 161. 

8“ London, 1885. The Society. 

Madbid. —IJoletin de la Sociedad Gcografica de Madrid. Tome XVIII. Nos. 1—4. 8® 
Madrid, 1885. The Society. 

Manciiksteb.— Transactions of the Manchester Geological Society. Vol. XVIIT, parts 4—9 
8® Manchester, 1885. The Society. 

Melboubne. —Reports of the Mining Registers fo^the quarter ending Slst December, 1884 
Fisc. Melbournn, 1885. 

Detabtment of Mines and WATEn-surriY, Victobia. 
Moscow.—Bulletin de la Socidtd Impdriale des Naturalistcs de Moscow. Tome XXXIV 
No. 3. 8® Moscow, 1861. 

Munich. —Astronomisch-geod.atisclftBestimmungen,desBayerischen Dreiecksnetzes. Sup- 
plemcntband X, 8° Munch<ju, 1871 The Academy. 

„ Nachtrage zu den Zonenbeobachtungen der Sternwarte bci Munchen. Supple* 

nientband XIV. 8° Munchen, 1884. The Academy. 

Newcastle-on-Tyne. —Transactions of the north of England Institute of Mining and 
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RECORDS 


OF 

THE GEOLOGICAL SURVEY OF INDIA. 

Part 4.] 1885. CBTovember. 

Sketch of the Progress of Geological work in the Chhattisgarh Division of the 
Centml Provinces, hy William Ejng, B.A., D.Sc., Superintendent, Geological 
Survey of India. (With a map.) ^ 

The largo area of conntiy included under the above heading embraces, besides 
Chhattisg^rh propoi', a small tract on the eastern edge of Balaghat and Mundla 
on the one side, a^d amuch wider extent of the Sirgnjah and Dangpur territories 
of Chota Nagpur to the far east. At long intervals, since 1866-67, trsverses 
across the whole region, or at several points on its borders and within it, were 
made by Messrs. Medlicott, W. T. Blanford, and Ball, their observations having 
been recorded in manuscript or in the publicajiions of the Survey.* 

The more connected exmnination of the area has been resumed within tho 
last two years, and on the following already recognised provisional succession of 
formations 

Deoean trap, 

Kamiki. ^ 

Earalcar. [ LoWBB OONUWAVA. 

Talehir. ' 

Lim^tone momber. l _ 

Smdrt.... „ I*"™ VimnlAM. 

Cbilpi beds. P Do. 

CaxsTAUJinM. 

It was to be expected that closer work might possibly lead to a modification 
or even an enlargement of this list: as will be s^n later on, this has beon the 
case in so far as 1 havo beon led to look on certain rocks as belonging to a tran- 
ntion series rather than to the Lower VindBjans,—a view at which I had arrived on 

• 

* Uedlicott, M S. 1866.67. Stanford, M.S. 1869-70. Becords, G. S. I., III., pp. 64 and 
71. Ball, Berords, O. S. 1., IV., p. 101; Vm.,p.l02; X., pp. 167 and 186. Maaaaloftlw 
Geology of India, Part I, pp. 76, 128, and 199. 
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independent observation of strata nrliicli had not escaped the vigilant scmtiny of 
Mr. Medlicott, who was also struck with their sub-mctamorphio facies. 

The sequence of the limestone and sandstone members of the Lower Vindhj. 
ans of the Chhattisgarh basin has already been discussed to some extent by Mr. 
Ball in these Records,i partly without due regard to the extent and completeness 
of the basin in itself and through a comparison of these with certain members in 
adjacent regions. The evidence gained in the present examination is, however, so 
clearly corroborative of Mr. Medlicott’s first position that all questions regarding 
it may now be laid aside. At the same time, not only on this point, but on the 
view of the interpolation of a transition series and the possible absorption by it 
of some at least of the rocks included under the Chilpi beds, it would long ago 
have been of the greatest advantage had Mr. Medlicott’s progress report been 
published. Its reproduction is now more desirAblo than over, and, with the 
Director’s permission, it is embodied in the present paper. 

The most striking feature of the Chhattisgarh couJilry is its great plain or 
basin which stretches far to the eastward and southward 'from the foot of the 
steep-crested and ridged slopes fringing the MandlarAmarkantak plateau, or 
that part of it which is called the Maikal range. This range, and a great 
N.-S. spur stretching into Balaghat and Bhandara as the Salctckri hills, form a 
sort of rectangular north-west comer of the basin. Not far from the southern 
end of the Saletekris, the southward limitation of the basin is formed by the 
much lower Raipur, Bilaighar, and Sarangarh hills, the skirts of the long north¬ 
ern slopes of whicl^ trend north-north-eastwards past Raipur and then away 
along the right bank of the Mahanadi ending in the Bara Pahar range, some 
30 miles west of Sambalpur. The latter range drops down to the great river, on 
the opposite or left bank of which the rim or edge of the basin is continued in a 
series of high ridges striking north-westward past R;iigarh, thus closing in the 
great plain at its eastern end. The hilly border is thonce continued rather more 
west-north-westward across the Mand and Hasdu rivers, and so by detached and 
lesser ridges pa.st Ratanpur (some 30 miles north of Bilaspur) to the foot of the 
slopes of the Maikal range below Amarkantak. 

No more perfect geographical and geological basin could be instanced; for, 
except on the west and north-west sides, the rim-like edging of hills and ridges 
consists of gently or more strongly up-turned beds rising from under the flat¬ 
ter-lying strata of the plain with which they are formationally associated. We 
have thus come to distinguish what may bo called the rocks of the plain, and 
those of the rim as synonymous with the * limestone ’ and ’ sandstone ’ members 
of the Chhattisgarh Yindhyans. 

The Eorba plains to the north-east of Bilaspur form a sort of supplementary 
or outside stretch of low country; but this cannot bo looked on as a part of the 
proper basin, from which it is separated by the low ridges and larger hill masses 
of Ratanpur, Soti, and Dulha, while its main rivers, namely the Arpa, Hasdu, 
and Mand, cut across or through this part of the rim in their course to the Maha¬ 
nadi. This tract is also geologically distinct, being made up of crystallines and 
Gondwana rocks. 

> Vol. X, p. 167. 
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The Fendra upland to the north, which naight also be considered a portion of 
the northern edge of the great basin, is remarkable as being a part of the divide 
between the great southern feeders of the Ganges and the northern drainage of 
the Mahanadi, as well as the connecting link between the Amarkantak end of 
the Satpura range and the lofty plateau highlands of Chota Nagpur. 

• 

Crystallivk Seeies. 

It is scarcely necessary, even if it Tfero possible, considering the very cursoiy 
form of examination consequent on attention having been given to more im¬ 
portant formations, to dwell at any length on the different gneisses and granitoid 
rocks constituting the floor of this field; though a general idea of their mode and 
stylo of occurrence may here ibo given. 

On the north side of the basin, that is, by Lurmi, Fendra, Mahtin, Uprora, 
and Korba, good strong-bedded gneisses of the more massive quai'tzose, quartzo- 
felspathic, and horr.blendic vaiieties, arc common, particularly in the slopes or 
gh&ts separating the Fendra country from the Bilaspur plains; though the upland 
itself, as far north as Fendra at any rate, is of unfoliated and very coarsely 
granitoid Ifinds. The ghat rocks aro all more or loss foliated, or laminated 
and bedded, in a general E.-W. strike, with a high dip to southwards, though 
this becomes less and less inclined towards the foot of the hills. A cross traverse 
from Fendra southwards by the Suknii’ and'^rpa valleys shows the granitoid 
rocks to the edge of the upland, where they are succeeded by the foliated 
gneisses with which aro associated frequent thick beds, or sheets of coarsely ciys- 
tallized red felapajihic granites, or more highly altered forms of gneisses. Strong 
quartzose gneisses, quartz-rocks, and some schists, still having the E.-W. strike, 
come in below the gh&.ts and occupy tho low country (much covered up with 
alluvium) nearly as far as tho Ratanpur group of hills. Other traverses in the 
same dii'ectiun but further and further east, oyer the Lapha hills, or from Mahtin 
down to Korba, and in Uprora, show a similar succession of gneisses. The 
general E.—W. strike is not only seen in tho rocks themselves, but it is, as it were, 
stamped on tho face of tho country in tho wonderful system of long, narrow, 
and deeply-carved ridges and valleys to the south of Fendra and about Mahtin. 

In the Korba valley, the crystallines are extensively covered up by Qondwana 
rocks; but a bolt of granitoid gneisses, with subordinate hornblendic and quart¬ 
zose schists, shows a few miles to the south and south-east of the town, and narrows 
off in the latter direction towards the Mand river. Gondwanas and Vindhyans 
then intervene as far as Raigarh, where a further thin belt of quartzo-felspathic 
granitoid rocks, with frequent ridges of quartz schists or quartz-rock (occasionally 
having more the character of fault rock) and bosses of hornblendic or syenitoid 
varieties, stretches in a south-east direction towards Sambalpur. 

P Teaitsitiom Series. 

In treating of these rooks, I labour under the disadvantage of haying seen 
them in detached areas and then only on a traverse while marching across 
country to tkke up a far distant coal-field near Sambalpur; or, later again, when 
more especially following out the northern edge of the C];ihattisgarh basin. 
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Further, they are at these places in contact or very close to, and in some of their 
characters not unlike bottom strata of the Lower Yindhyan outcrops. 

On the march from Pcndra south to Bilaspur, the gneissic rocks were traced 
into the rugged low country of Kenda; beyond which lies a wide stretch of 
superficial deposits in the I^aii'a valley, extending to the northern skirts of the 
low group of Eatanpur hills where are traces of quartz schists not so manifestly 
gneissic as those to the north in Kenda. The higher hill block west of B>atan> 
pur, or to the north of the old city, is mad^ up, on its south-western slopes at least, 
of a decidedly different set of rocks—namely, hard, massive, quartzose strata, 
generally of a green colour, associated with foliaceous and rather compact green 
mica schists or coarse clay slates weathering of pale-brown and reddish colours. 
There are also thick bands, apparently in the strike^ of dark-green traps (green¬ 
stones) or trappoids. The low hillocks to the west and south-west of the old city 
consist of low-dipping quartzite sandstones and shales. There is some twisting 
and rolling about of the bods; but the general strike is i^‘.W.~S.E., the dip being 
to the north-eastward. The low, but very steep, ridge on the western side of 
the Dulha tank is of much crushed and white quartz-stringed quartzite (nearly 
quartz schist) having a high dip to north-east. 

Here, therefore, without taking into account the different style of the rocks, 
is a series having a strike in strong contrast with the prevalent E.-W. one of the 
proper crystallines; and not only js this the case, but even a stronger discordance 
exists between them and the Vindhyans, for these quartz schists of the’Dulha 
ridge are crossed at their southern end by bottom sandstones of the latter series 
which are striking W. by S.-B. by N. and dipping 20°-30° southward. These 
sandstones are only some 60 or 70 feet in thickness, but they are well marked 
in the long low ridge forming here a part of the lip or rim of the great basin. 
The section is quite clear on the Bilaspur-Ratanpur high road. 

The next exposure of similar rocks lies some 12 miles to the east-south-cast, 
on the western slopes of the Soti Kill (2,646 feet) mass. On passing eastward 
from the Vindhyan limestones of the plain, about Pondi and Bamini, I found 
that the first ridges are of strongly-crushed quartzite and quartz schists, exactly 
like those of the Dulha tank ridge, having very much the same strike and vorti¬ 
cal or with a high inclination to the eastward. These are then succeeded, after 
a narrow strip of covering alluvium, in the slopes by strong compact schists or 
coarse clay-slates, and hard massive dark-green quartzose rocks, with which are 
associated, to all appearance in the strike, greenstones and trappoid rocks. Like 
rocks are traceable over the Nilagar valley i;$to the Dullm hill (2,447 feet) 
mass to the southward and away in an east-north-east direction by Baluda, almost 
as far as Fanora on the road to Korba; the more prominent exposures being, 
however, quartz-rock or quartz-schist still having a generally H.-S, strike.* 

<• 

Lower Vindhtanb. 

Mr. Medlicott’s so long reserved progress report will form a fitting introduc¬ 
tion to the consideration of these rocks. 

. ' As will be seen in the next section, Mr. Medlicott hod also visited this Dulha-Soti area, 
but my observations wfre made witbont having previously seen bis report. 
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Sandstones. 


Vindhyans of the Mahanadi. 

“ When I first came upon these rocks in this section of the Hasdu, I took 
them to bo Talchirs, and even tried for a couple of day 
Taldi^. to accept them as such. The colouring of Mr. Hislop’s 

map gave a direct determination to this view; and at this 
particular spot it chances that the rocks lend themselves to that supposition:, 
there are thick beds of fine calcareous clays in abrupt contact with gneissose 
rocks. But the notice from the first of a considerable departure from the Tal- 
chir type rapidly widened into a total icparation; although characteristic Tal- 
chir rocks were observed at a short distance to the north, I looked in vain for 
them here; and characters wore soon observed, which have never been noted in 
Talchirs, but which are comipon in prc-Talchir groups. 

“ Tho sandstones are strongly bedded, often coarse and 
rusty, often pure and fine, quartzite sandstones. 

“ There arc massive fine homogeneous clays, often affecting a flat nodular struc¬ 
ture (resembling somewhat the splintery clays of tho Tal- 
^ ' chirs). There aro also finely laminated siliceous shales; 

these are often ealcai’eous, and pass insensibly into finely laminated siliceous lime¬ 
stones, in the manner so common with some of the lower-Vindhyan bands of the 

Sone and of Bundelkhand. These shales seem also con- 

Porcellanic vnrioty. with fine flaky giliccous and r/nost-felspathic beds, 

very hard and compact (porcollanic) on a fresh fracture, but betraying their 
flakiness by woatheiing. These beds, too, find their exact analogues in the 
lower-V indhy ans. 

“ Limestone is perhaps the commonest rofck at the surface all over tho plains of 
Chhattis^a rh. Tt is seldom a pure homogeneous rock, being 
often flaky and earthy-siliceous, and often also the siliceous 
matter is distributed in strings or in irregular concentric concretions. 

“ It would seem to be only in tho most general way that these several rocks 
observe any order of position. I think all these types 
may bo observed es a bottom rock, resting upon the meta- 
morphics. But there is a decided praponderanco of the sandstone in this position. 

It would seem that the sandstones never attain a considerable thickness save at 
or near the base of the series; I would conjecture, too, that they are altogether 
absent towards tho top. This variability in tho deposits is also a point of simi¬ 
larity with the lowor-Vindhyans, and with the rocks described this year by 
Blanford in tho Godavari area. 

“ As the most frequent bottom lock, the sandstones are seldom seen in force, 
except near the boundary; but they are nowhere so much 
dovelopod as in tho south-east, resting bn tho gneiss of the 


Limcstoiio. 


General order. 


Distribution. 


Jonk area and of Sambalpur, and forming ridges* running northwards from that 
area. If one wanted an appropriate najno for tho band, “ the Chandarpur sand¬ 
stone ” might be adopted. I have nowhere seen them so well exposed, or in so 
great force, as in tho ridges running south from*the Mahanadi at Chandarpur. 

“ I can indicate no constant position for tho limestone. It seems thoroughly 
associated with the shales overlying tho Chandarpur sandstone. 
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“ The position here distinctly assigned to the sandstone is the same as is con* 
jectnred by Blanford for the Pranhita sandstone, with reference to the Pern shales. 
In the Sone area a quartzite sandstone is the most general bottom rock of the 
lower-Vindhyans. 

“ In describing the boundaries of these rooks, the foregoing observations will 
^ be illustrated and amplified. 

“ The boundary of these Vindhyans with the crystalline rocks on the south is 
much more simply than on any other side. Here only is 

ou orn oun ary. there a distinct and unequivocal case of simple unaltered 
super-position. Close to the right bank of the Mahanadi, east of 'Arang, the shaly» 
flaggy, dark siliceous limestone shows with a steady inclination of 3“ to 4° to west¬ 
wards ; and on the rising ground to eastwards the styong-bedded sandstones pass 
up from beneath the limestones and shales to form a low range of hills. These 
hills present a gentle slope to the west, and are scarped along the eastern face, 
in which can bc admirably seen the junction of the massive sandstone resting on 
coarse granitoid gneiss, and largely made un of its debris; this debris is not 
coarse and water-worn, but gravelly, and still nndecomposed. The very gradual 
nature of the junction is well seen in the east-west gorges, the crystalline rocks 
appearing in the valley for a mile or more to westwards of the general north 
and south line of scarp, and with sloping scai’ps of sandstone on either side. 
From the steadiness of this featurq, I was led to conjecture that the eastern, exten¬ 
sion of the sandstone would be limited with much regularity by tho north and 
south line of scarp. I was therefore surprised to find the sandstones at one spot 
half a mile in front of that line, and at the general level of the crystalline are 
of the Jonk; but this is little more than 100 feet below the line of junction in tne 
scarp; I imagine however that such outliers aife exceptional on this side of tho 
granitic area. In passing eastwards along the road, the scarped hill range I 
have just described is seen to tho north curving round to the east towards 
Sarangarh; <and I have no doubt the rock-features are quite similar to those on 
the east, the sandstones thus encircling tho crystalline rocks on west and north. 

“The Baipur and Sambalpur road runs nearly east and west, and for 60 
miles there is no rock but crystallines; the sandstone hills appearing at a 
greater or less distance on tho north. In Phuljhar there is a break; a bay (now 
a region of hills) of Vindhyan rocks stretches southwards from the main area 
of the Mahanadi, separating the crystallines of the Jonk from those of Sambal- 
pur: the two being probably continuous on the south, in the Borasambar State. 
For a long distance to the west along the road th&%igh scarped ridge of Siswal, 
in Phuljhar, betrays the presence of more regular stratified rocks. On the road, 
a few score yarks to cast of the Katli river, on meridian 83^, one comes, without 
any separating surface feature, upon fine crushed and slaty silt beds, with some 
associated beds of brown coarsish sandstone. Although much compressed, the 
stratification is not greatly disturbed, as,can be seen by the lie of the sandstone, 
and by the position of the imperfect nodular structure of the clays which seems 
always to preserve the flatness in the plane of bedding. I at once recognised 
these rooks as identical with what I had seen about the north boundary and 
elsewhere in the Yindhyan area; and hopes were raised, that in the high 
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scarped hiUs close 1^ on the east I shonld find higher beds of the series tiuuk 
any I had yet seen. On approaching Bindala hiU (some 16 miles north of the 
road) I was surprised to come again upon crystalline rocks on the low ground and 
reaching up to the foot of the scarp. Farther exploration in the same north-east¬ 
erly direction confirmed this observation; crystallines weather out here, there* 
or anywhere, from under the sandstone, with small regard to levels. Thus the 
general character of the junction here is the Sana? as to west o£ the Jonk ; the 
bottom portion of the sandstone in the Phuljhar hills is disposed to be shaly 
rather than coarse and massive like thilt of the boundary in Baipnr; and the 
fine argillaceous beds, the first rock noticed in these eastern sections, was not 
observed in the single section I examined west of the Jonk (from the greater re¬ 
gularity of the boundary there, I dare say they are nowhere exposed); but, as 
already remarked, these argillaceous rocks are exactly like beds seen elsewhere, • 
and I believe them here, as elsewhere, to underlie and partly to represent the 
sandstone which caps the gneiss of tho higher levels. In these sections we thus 
find locally well exhibited what I have stated to be tho relation of the sand¬ 
stone generally—that it cannot bo looked upon as a bottom group of the series, 
although very often seen as bottom rock. There is no presumption either that it 
is generally represented along any horizon. I can give no certain criterion of the 
beds which overlie the sandstones as compared with those which underlie them; 
the latter appear to be loss shaly and more massive and of a darker colour, and 
perhaps, free from limestone, although apparont.cxception8 to this will be noticed. 

“From Phuljhar I marched northwards along the sandstone range to Chandar- 
pur. The sandstone must be several hundred feet thick, and most of it is a 
fine, white, [pure, quartzite-sandstone like much of the upper-Vindhyan rook. 
The range is on a distinct anticlinal; the pale shaly, flaggy, calcareous upper parts * 
showing on both sides close to the base and inclined from it. The Kenkaradi 
river occupies a basin of these upper beds to east of the Ghandarpur range ; the 
hills to the south-east being, I have no doubt, formed of the sandstone sloping 
up in that direction and forming a scarp over the crystalline area of Sambalpur. 

“Proceeding eastwards along the south boundary, there may bo noticed a 
gradual change from tho perfectly undisturbed condition of the normal junction 
in Baipur, as already described, to the greatly disturbed and very complicated 
junction that runs in a north-westerly-south-easterly direction through Sam¬ 
balpur and Baipur'and forming the eastern boundary of the Vindhyan area of tho 
Mahanadi. The intricate and rugged hill group of the Bara Pahar is formed at 
the confluence of those two boundaries. Before attempting to sketch the features 
of the eastern junction, I will notice the less complicated one on the north: 




In going northwards from Bilaspur to Batanpur, the shales, limestones, and 


North boundary. 


subordinate flaggy sandstones, which spread horizontally 
beneath the plains of CUiattisgarh, are concealed by soil 


and alluvium to within 2 miles south of Batanpur, where a low east-west range 


of hills rises abruptly from the alluvial, flat. The ridge is formed by a band of 


strong-bedded standstones, mostly coarsish and with an insufficient msly oohreous 
matrix, but some of it fine and pure. The band is not thick; may be 50 feet and 
under. It seems slightly to alternate with and to overlie streaked red and greenish 


slaty shales. Very locally one may observe apparent total unconformability between 
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tho sandstones and the shales below them, but I believe these oases to be entirely 
duo to ci'oshing between yielding and unyielding materials; for in the best soc> 
tious,as wellas in the general allure, there is full evidence of conformable associa¬ 
tion. The nature of the disturbing action along this zone is best seen by the boha* 
viour of tho sandstone; the elevation from the north does not seein to have been very 
marked or very direct; for several miles in width the sandstone may be seen form¬ 
ing little ridges having any direction and slope, and all at about the same level. 
In the little ridge.over Ratonpur this strike is north-north-east and tho dip 30® to 
east-south-east; a mere capping of 8andst6ne resting conformably on the shales.^ 

“ On the Ratanpur section tho junction with the crystallines is concealed 
benoath a longitudinal valley. The zone of special disturbance may be about 
5 miles wide. 

“I crossed this boundary again at some 30 miles to west of 'Ratanpur, 
where the rocks are better soon, and one actual junction exposed. At Lurmi 
tho sumo iHtnd of sandstone forms very low (40 feet) ridges, rolling about at 
Small inclinations, and with little regard to direction, tho same typo of disturb¬ 
ance os at Ratanpur; and it soon settles down under tho pale shales and 
limestones of tho plains to the south. In tho Muniari, just above Lurmi tho 
rocks under tho sandstones are admirably exposed. They are massive beds of 
fine ( ? siliceous) clays, some exceedingly fine, others more gritty; mostly of a rod 
colour, often streaked with green, and some greyish-brown. A fino lamination 
is often traceable in all; and the bidding is easily discerned. Tho dip is variable, 
not exceeding 10® to 12®—a southerly direction prevailing; but the effects of great 
crashing are manifest in tho irregularly intersecting systems of planes of jointing 
or pseudo-cleavage that traverse the whole mass. In these also ,an east-westerly 
strike is tho most marked; tho effect .,of which is such that in mere groxmd-sec¬ 
tions on paths one would note the rocks to bo slates, with an east-west cleavage. 
In the finer beds the disintegration of tho rook is farther complicated by an 
original, flat, concretionary structure, which produces concentric exfoliation. 

“At 3 to 4 miles north of Lurmi there is a very steady range of hills, running 
about 5® north of east, south of west, the south face of the crystalline area to the 
north. This straight ridge is here several miles wide, and tolerably flat-topped. 
The gneiss lasts to the edge of tho south face; but the spurs, from the very top, 
are of streaked reddish and greenish slaty rocks; very locally even there is an 
appearance of incipient foliation. Tho water from the higher level trickles 
down over a steep surface of gneiss into gullies through tho slates. The junc¬ 
tion is amply exposed; there is no clean-cut plane of separation; not a sign 
of intervening vein rock; no trace of slipping between the two; within a few 
feet or inches .the change is complete, the rooks being just as it were soldered 
together. 

“ By aid of the lamination, and of an occasional flaggy layer, tho bedding can 
be observed; at the spot I examined there was, for a few feet wide, a low 


' It U in tbeie shales that 'copper ore was reported to have been found and form^y 
worked; hut I could find uo definite fonudation for the report, nor any confirmation of it in the 
rocks. The piece of 'ore’ sent to me by tho Deputy Commissioner (Mr. Chiaboimywas merely a 
Ut of rod (copper coloured) shale. 



PART 4.] Kino ; Progress of Geological work, Cbhattisgarb DiTiedon. 177 

i3aclinatio(ntowardstbo gneiss, and then a low inclination from it; the whole state 
being exactly like what is seen in the river at Lurmi, only slightly intensified'. 

“ The observations 1 have recorded seem altoarether to indicate a normal rela» 
tion between these series of rocks—an aboriginal contact. This view is strongly 
corroborated by the appearance, about half-way between Lurmi and the hills, of a 
band of gneiss on the low ground. Its presence is not marked by any surface 
feature or peculiar contact-rock; it seems simply eo have weatheied oht from 
beneath its covering of shales. I’he only thing to suggest a faulted boundaiy 
here would be its straightness: the run of tho junction north of Luimi w'ould just 
about cut its position north of Ratanpiir, 30 miles to eastwards. But a geolo¬ 
gist in India ought to be the last to ignore the effects of straight scarped bonnd- 
aries among the original conditions of rock formation. 

“ B’or some distance, at leUst, the same boundary runs steadily to westwards, 
but I should think that it curves southwards before reaching tho trap scai*p, for 
there are some symptoms of the lower l)oundary of tho Vindhyan rocks being not 
far off from tho western limits of the present area, although now concealed be¬ 
neath tho trap of tho Mandla plateau. 

“ One of the most striking general features of this area of Vindhyan rocks is 

We.t nbo idar almost undisturbed condition of the strata all over 

tho central area up to within a comparatively narrow belt 
along Ihe boundaiy. Except on the partial south boundary first noticed, such is 
markedly tbo case. It is a remarkable instanro of geographical oxteuaion pre¬ 
scribed by structui-al features in very ancient deposits; and it is doubly interest¬ 
ing to find symptoms of those structural features themselves being connected 
with original coyditions of deposition. It will readily bo understood how the 
arrangement I have just indicated should introduce a difficulty to tho corretit 
appreciation of the Vindhyan series itself: the topmost strata are almost confined 
to the low grounds, where they show the miiiimnin of disturbance; while the 
bottom bands rise along tho boundary and art; often much modified by contortion 
and compression. One has to seek far and wide for proof of the two being really 
continuous. The contrast I have here described is nowhere more marked than 
on the section of the Ilasdu, whero (unfortunately) I fii’st carno , upon these 
Vindhyans; and tho degree of contrast will be illustrated when I say that for 
two days I noted the upper bands as Talcbir (although of abnormal choi’acter), 
while the lower beds passed as a new form of hypo-motamoi’jihics. 

“ It was along the weateim boundary that 1 got the best instance of the upper 
group being subjected to tho full measure of disturbance. The scraggy east—west 
ridge stretching past Pandaria on the north is principally fonned by tho pint and 
blue cherty limestontis and the shales so intimately associated with tbem, the same 
as are found spread out at the surface all over tho low plains of Ohhattisgarh; in 
this ridge all are confusedly crushed up on an E.~W. strike. In the hills to 
south-west of Pandaria the N.E.-S.W., and N.N.E.-S.S.W, strikes that 
obtain along the western boundary come in. 

* “ Tho western boundary, as far as I saw it, bcpxs a gener&l analogy to that on 
tho north; from Ratanpur westwards, a bolt,‘some 5 miles wide, of hills com¬ 
posed in ihc'lnaiu of slaty shales separates the plains from the scarp of the Mandla 
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plateau. A gradation of disturbance is observable from the base of the hills, 
■wherever rock is exposed on the plains, the inclination being from the hills. In 
the outer ridges a band of sandstone is traceable; but towards the north it is very 
subordinate. The slaty shales forming the mass of the hills may well represent 
the similar roeks north of Lurmi. In the Chilpi ghat section, on the Bilaspnr- 
Jabalpur road, they last up to the base of the sca^'p, where they are overlaid by 
the basalt, at a« level corresponding to that of the general height of the fringing 
hills. There must be here a much greater thickness of shales than along the 
northern boundary; but here, too, the thfckness need be much less than would be 
at first sight conjectured; for, although the strike is more steady than in the zone 
of disturbance along the northera boundary, reverse dips are observed, and also 
frequent exceptions to the N.N.E., S.S.W. strike, showing repetition of the 
same beds. There are also mineralogical characters cori'esponding with the strati- 
graphical differences I have noted. Well in towards the base of the main ascent 
trappoid rocks appear; bxit I failed to make out anything definite, regarding 
them, or to separate them and the rocks with them from the general mass. I am 
disposed to think they may bo local metamorphic forms of the Vindhyan shales 
in the line of maximum compression. 

“ I may here notice a peculiar rock only observed in this and in one other 
locality. For some little distance below the junction of the basalt on Chilpi ghat, 
I noticed the surface strewed with large (10" to 12") well-rounded boulders of 
quartz and of crystalline rocks. At first sight I took them to be debris frem the 
infra-trappean conglomerate; but this notion was soon dispelled by the fact that 
many of the boulders were more or less shivered, and re-comented, after slight 
distortion, by silica—an evidence of violence never observed iik-Lumeta beds. I 
soon found the boulders in place in the underlying scries ^imbedded in a crumb' 
ling,eartljy slaty matrix, in which I could delect a high westerly underlie. This 
is hero the contact rock, overlaid by a ftw feet of wh.ie Lameta limestone, which 
is succeeded by a dark greenish-g;’ey eai'thy crj^stalloid sub-amygdaloidal trap. 
This conglomerate may, perhaps, be taken as confirmatoiy of the conjecture 
already hazarded, that the crystalline rocks are not far off to westwards, although 
the boulders are so thoroughly rounded that they may have traveled any distance; 
the whole deposit has a diluvial character that suggests the proximity of fringing 
declivities. The other occurrence of this conglomerate is more obscure: it is on the 
east of the VindhyaTi area. The sandstone ridge of Chandarpur has been describe]! 
as running north and south; an axis of contortion (presumably in connection with 
subjacent features) between two” basins of the upper strata. The range termi^ 
nates in the Mahanadi at Phandarpur; but in the^ine of its continuation unusual 
disturbance traceable, affecting even the upper beds of the series. At about 
5 miles north of Chandarpur a small north-south chain of low hills occurs; to all 
appearance they are composed of a mass of well-rounded boulders just like those 
of the Chilpi ghfit section. 1 cbuld nowhere get at the matrix in which they are 
buried; it must be some soft material like that of the Chilpi ghfit conglomerate. 

“ South of Chilpi gh&t, the characters of the western boundary are similar to 
what has been described. Below Sahuspur, the sandstone becomes more prominent 
in the outer ridges, and the slaty and hypo-metamorphic rocks below it are also more 
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developed; above Madanpur, they rise to the top of the main scarp, without any 
capping of Lameta beds or of trappeans. These rocks, underlying the sandstone, 
may probably be studied to advantage in the ground to south-west of Mohanpur. 

It was noticed along the southern boundary that there is a gradual increase 
of irregularity and of disturbance from west to east, coming 
to a climax in the Bara Pahar, north-west o£ Sambalpur, at 
the confluence of the two boundaries. There is a very similar change, but much 
more complicated on the north, where the Kamra hills offer a very close analogy to 
the Bara Pahar. The very regular and comparatively simple junction described 
to west of Batanpur is altogether changed to east of that place; the crystalline 
rocks, which soom throughout to underlie the belt of disturbance at no great 
depth, rise to the surface; apd the lino of contact from close to Batanpur to 
beyond Dulha hill, 20 miles to south-east, follows a veiy irregular coarse, which I 
had not time to follow out in detail. In this area, south-east of Batanpur, 
there are decidedly metamorphic rocks, altogether different from tho thorough 
gneissic rocks of the region to the north; there are also rocks which so exactly affect 
the characters of tho bottom Vindhyans, that I must, provisionally at least, 
identify them as such, while at the same time I failed to detect any decided separa¬ 
tion of these quasi-Vindhyans from those quasi-metamorphics. I can only hope 
to describe tho facts and state tho difficulties intelligibly, without offering a very 
decided opinion thereon. Let it bo rememberpd that I made no stay to work 
out the case : 1 am only recording single observations. 

“ In the section of the Hasdu, tho case is stated most clearly. Immediately 
below Satiguri there is a contact well exposed. The fine¬ 
grained gneissose qu.artzitea, which form the rapids of 
Chicholi, are still vertical with a liortherly strike. A strong bed of coarse maty 
pebbly sandstone seems to rest upon a. weathered surface of tho metarnoiphio 
quartzites; tho section is very low; and considering, as I did at the time, 
these overlying beds to bo Talchirs I did not*examino the contact so closely as I 
should otherwise have done, but I believe the relation to bo as 1 have stated it. 
The sandstone slopes southwards, and is overlaid by fine pale shales, and these 
again by a strong band of tough grey (non-felspathic) sandstones with pebbly 
surfaces. Thick dark-grey shales succeed, and are overlaid by paler calcareous 
beds, locally a banded laminated limestone. Tho palo rod varieties cover theso and 
occupy the surface south of Nowagaon. Those beds are the regular upper 
members of tho series, and tho sandstone represents that already so often 
mentioned. Its thickness here may be 30 to 40 feet in tho two bands. It forms 
the little ridge running for miles to west-south-west from the river. It may be 
affirmed that no supposition could bi'ing into original conformable relationship 
the rocks hero in contact, they remain now as at the first. 

To one coming from the north the Kamra hills at once appear as something 
new: such steep clean cliffs, with well-maj^ked lines of stratification, are never seen 
among the gneiss rocks; and, on the other hand, the msty colour of the cliffs, 
and the sharp angularity of the outline at once distinguish them from the 
corresponding features in the hills of the secondary rocks. They are formed of a 
considerable thickness, not less than 200 to 300 feet, of quaitzite sandstone resting 


Hasdu section. 
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upon a very variable thickness of reddish gritty shales. Tie condition of disturb* 
ance is exactly what has been so often described in the bottom Vindhyans of 
this area; the ridges run in every direction, and with any slope just as if the strati* 
fication had been bi’oken up by horizontal converging pressures. I have one 
observation to complete the analogy of these rocks with the bottom Vindhyans 
of other parts of the area. In the gap to west of the village of Labed a 
thorough granitoid gneiss shows well up to the base of these covering rocks, 
so as to leave scarcely a possibility of any relation but one of normal super¬ 
position. The relation of these rocks to other motamorphics of this neigh¬ 
bourhood is by no means so simple. The Kamra hills reach up to the left bank 
of the Hasdu. In the little stream flowing northwards from the Rang ridge, there 
is an excellent section of the whole group, the sandstones showing in the cliffs 
on both sides and the red shales in the gorge; for a long way they observe a steady 
dip of 5° to 10° to north, and just before they disappear in that direction there is an 
appearance of pontortion. In the lower gi-onnd farther north one only finds rotten, 
unrecognisable gneissose rocks. In the Hasdu the rocks come in all of a sudden 
at Jogipali. It was here I received the impression that the little-disturbed, little- 
altered rocks of the hills become rapidly contorted, and at the same time metamor¬ 
phosed into the fine-grained, sharply bedded gneissose quartzites (a most decidedly 
metamorphic rock), which come in immediately below and occur more or less con¬ 
tinuously with a vaiying strike down to the junction at Satiguri,' as already 
described. If such bo the case, tliese Kamra rocks cannot by any possibility be 
grouped with the strata to the south of Satiguri, I am, however, so strongly 
impressed with the view that the Kamra beds are the bottom Vindhyans, that I 
fully expect a close examination will prove them quite distinct from the sub- 
gueissose rocks of the Husdu. < 

“ In the region of the Nilagar the same puzzle is even more strongly marked: 
the limestones greatly predominate in the upper beds on the low ground, and 
so occur close to schistose rocks at the same level; I conjecture that they may 
even bo found to lap over in contact with them. They are thus found not far 
from the base of Hulha hill, on top of which the Kamra quartzite sandstones are 
cosily recognised, resting on schistose and pebbly gneissose massively-bedded rocks. 
The Soti hill group is altogether formed (at least on tlio south .side) by this new 
hypo-metamorphic series, a massive trappoid variety being prominent. A 
northerly and southerly strike is as markedly prevalent in these metamorphic rocki^ 
as the E,-W. strike is in the granitic metamorphics to the noith. 

“ Between the Kamra hills and the Bara Pahar,|he boundaiy of the Vindhyans 
is marked through the Raigarh State by a single ridge, en 
North-east bovndary. ^ with the outer (eastern) flanks of those hills. This 

ridge is formed of strong beds of quartzite much crushed and altered, gneiss- 
oso rocks showing everywhere along its outer base. To the north these are 
of a coarse, highly folspathic, and granitoid type; but towards the Mahanadi 
they have a very mongrel character, “which greatly obscures the distinctness 
of this junction. Close sections are obtainable at the passage through the ridge 
in tlie stream north of Padampur; the quartzite shows within a few yards of 
the bank at the point of the ridge having apparently a high dip towards the 



fkVt 4.] Kino : Progress of Geological work^ Chhattisgarh Division. I8I 

crystallines; in the river the quartzite seems to be cut out, and there only appear 
reddish, flaggy, slaty shales, much crashed and rolled, but also on the whole having 
an inclination towards the crystallines, which are in place some 30 yards up stream. 
The} are variable gneissose and trappoid schists. Here and in other similar posi¬ 
tions (as in the stream under Laka to the north-west), I noticed a highly siliceous 
angular rock to be prominent among the metamorphics, suggesting the possibility 
of its being a transformed condition of the quartzite; but the geiiSral evidence is 
so strongly against such an interpretation that I must explain this special circum¬ 
stance as either a coincidence (may be attributable to pre-Vindhyan denudation), 
or else as an eflect of percolation-mctamorphism along a plane of junction. The 
features here reminded me very forcibly of those at the boundary of the lower- 
Vindliyans, where the ridge of bottom quartzite is cut by the Sone at Bomarsan. 

The junction is tolerallly well exposed in the Mahanadi at and below 
Padampur, and the section is altogether obscure and exceptional. The curve in 
the river above the town corresponds with a regular curv'^e in the ridge of strong 
quartzite sandstone on the right bank. Prom a steady dip of 20® to westwards 
■ this sandstone bends round to a similar steady dip to north and north-north¬ 
east, apparently passing luider the limestones and shales which are freely exposed 
in the bed of the river, with the same inclination as the sandstones towards the 
left bank. In this bank under Padampur, and lower down stream, there are those 
quasi-remnants of a quartzite (as described in last paragraph) adhering to and trans¬ 
fused into the dirty crushed gneiss. Just below the village the channel is about 
30 yards wide between these rocks and an island of strong pink limestone with 
shales. The boundary runs very obliquely across the river; and atihs last appear¬ 
ance on the left bank there is a remnant of the limestone and shale, quite un¬ 
altered, in actual contact with ^he mass of pseudo-quartzite and the crushed 
gneiss rucks. The scctiuu exposed is very small, but 1 could detect no special 
signs of faulting, such as slickensides or vein-rock, although the features de¬ 
scribed (with upper rocks at the contact) would pWwd facie suggest such a pheno¬ 
menon, and I am not fully prepared to deny the possibility of it. However it 
may be, it is evident that the passage of the JVlahanadi at this spot is connected 
with the peculiar arrangement of the rocks. 

“ There is in the Vindhyans of this neighbourhood another exceptional 
appearance awaiting solution. The ridge of sandstone that has been noticed as 
bending round with the cuirvo of the river on its right bank, encloses on the west 
and north the little valley of Dongri, forming a scarp over it. On the floor of the 
valley strong-bedded limestone with shales, exactly like the usual rocks of the 
upper part of the scries, is exposed, showing little or no disturbance, and thus 
appearing to pass under the sandstone of the scarp. On the edst side of the 
valley a strong band of exactly similar sandstone slopes up from beneath these 
limestones and shales. I had not time to examine whether there was a repetition 
by faulting, or whether the Lahansara sandstone is a local band in the upper 
strata of the Vindhyans. The latter supposition seemed the most likely. It is 
from the Dongri valley that most of the * Padampur * limestone is obtained. 

*' There is evidence in this region that the boundary I have described was 
not always'ihe limit of extension of the Vindhyans. At about 3 to 5 miles from 
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that boundary on the north-east there is a broken chain of ridges running parallel 
to it, and formed I believe of the bottom quartsite. It would sOem to be the 
continuation of the outer ridge of the double range to north-west of Baigarh. 
From the debris noticed in the valley of Tarukpur, I conjectured that the crystal¬ 
lines were exposed somewhere within it. Thus here, as on the south-east side, 
we seem to have the actual base of the series exposed all along, the leveling 
by denudation having here been much aided by the compression and disturbance>^ 
of the deposits.” ^ 

The route taken by Mr. Medlicott in this traverse certainly placed him in very 
close rapport with the whole geology of the basin; for he entered it first on the 
north side from Korba by the Hasdu river, and thence proceeded westwai'd, 
southward, and eastwai<d all round the edges to the'erossing of the Mahanadi at 
Chandarpur. Then, northwards from this up the valley of the Mand, thus cross¬ 
ing the eastern end of the basin; and so down again along the north-eastern edge 
by Raigarh to the extreme eastern boundary at Padampur. Little room was 
therefore left for other than the corroborative evidence which might be accumulated 
during the progi’ess of connected work. Tiiis closer work so far has embraced 
the greater part of the middle and north-eastern tracts, and the whole of the 
western portion down to south of Raipur. 

All the indications on the north-eastern tracts bear out the original recognition 
that the Chhattisgarh Vindhyans of the plain and the edging ridges consist, 
broadly speaking, of a sandstone and a limestone member, the former being the 
lower of the two: and there is gi’ouiid for belief that such may bo the conditions 
for the western side. However, I leave the condition.s of the geological structure 
of this side an open question, because the evidence obtained by Mr. Bose in that 
part of the field, though as yet incomplete, shows that the relations between the 
rocks of the plain and those of the adjacent hill slopes of the Saletekri range are 
not so easily interpreted as Mr. MedKcott’s reconnaissance would seem to imply. 

It is true that occasional narrow seams of slaty shales and coarse schists do 
come in under, and in association with, the bottom sandstones along the northern 
boundary, but those are so insignificant as not to affect the general sequence. 
What they do seem to show, however, is that the bottom member—an essentially 
sandstone formation on the north-eastern, eastern, and southern sides—either 
gradually changes from a poorer and poorer sandy series to a stronger and 
stronger shale or slaty one with subordinate sandstones on the north-western 
edges, or that it continues on in this impoverished condition, sometimes being 
overlapped by the limestones, over a different and older series. 

Later obsertations on the north-east boundarg.—There is no necessity at present 
for going into detail regarding the style of the boundary from Pada[mpur north¬ 
westwards past Raigarh. For the most part, it is a generally faulted one, the 
bottom quartzites, which must be here of great thickness, cropping up at high. 
angles from under the much less disturbefl lim^ltones and shales of the plains, and 
having—what look to bo—their lower strata, at the eastern bases of the great ridges, 
in close and abrupt juxtaposition with the crystallines of the low gprounds beyond. 
1 am myself inclined to suspect that there has been re-duplication, if *xiot inver- 
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siozi, with a orushing-up and fractare of long ellipsoidal dome-like undiilationls.' 
Be this as it may, the whole aspect of the bonndaiy is veiy analogous to that 
of much of the eastern frontier of the great area of Kadapah and Kaimul rocks 
in the Kistna and Nellore districts of the Madras Presidency. 

Some 5 or 6 miles to the south of the passage of the Mand river across 
the sandstone rim of the basin, a most instmctive example of a cmshod-up and 
partially faulted dome of the bottom sandstones is exhibited irf the Gida hill 
mass which has been cut into and scoured out b;y denudation until the in¬ 
ternal core of crystallines is fully exposed to view. A good deal of faulting and 
crushing is disclosed here and there along tho contact edges in the interior; 
but the easy lie of south-easterly dipping strata is quite plain under Bamandai 
hill and on tho path leading out to JBusnajliar. A very thin streak of brown 
rusty, reddish and greenish’schists, and sandy—-rather shaiq) gravelly—shales 
occurs at the very contact, just between the gneiss and the thicker beds of quartzite 
sandstone on this path. Round the southern skirts of the hill the sandstones run 
easily under the red-j)urple calcareous shales and grey-blue limestones of the plain. 

Some idea of the thickness of the sandstone series is also obtainable at this 
point,—a feature which had hitherto only been guessed at in the Ruigarh ridges, 
where undoubted bottom beds are not recognisable in contact with tlie gneiss. 
Here, however, the luiso is known, and a fair estimate can be formed from the 
lofty Bcarj)ed faces and under-clilf of Bamandai hill (1,4*39 feet), and from a 
scramble across the Gida ridge near its summit' (1,480 feet) where tho beds are 
vertical, though down either slope tho dip is generally to westward, the angle 
decreasing tovrards the foot of tho western side. In this way tho conclusion is 
forced on one that there must be at least 1,000 feet of more or less altered (quart¬ 
zite) sandstones, rarely coarse and*gravelly, oftenest thick-bedded and tine-grained, 
and without any conglomerates as far as 1 could see. Their likeness to those of 
the Raigarh ridges is strong in every way; indeed there cannot bo a doubt of the 
two belonging to ono and the same group. • 

To the northward of this dome, after an interval of shales (and sljrong blue 
limestones at Banipathar) in abmpt contact with a north -south exposure of 
crystallines, the sandstone hills of the rim hade rip in long gentle slopes, the beds 
lying at 6®, 10®, 20°, southward, with surfaces wonderfully worn in sinuous curves 
and zig-zags of contour. This easy lie only lasts for about half the width of 
the hills; when undulation, at first slight and then quick, has allowed of more 
fugged denudation, giving the broad and humpy masses overlooking the low-lying 
wide expanse of the Mand valley coal-field, the rocks of which lap up against the 
sandstone hills, or are only denuded for short distances, giving exposures of 
oiystallmes in abmpt juxtaposition with tho Vindhyans. • 

Away to the north-west, tho sandstone hills attain higher elevations as in the 
Gar hill (1,948 feet), tho floor crystallines being exposed in the valleys and on 
slopes below lofty scarps; while outlying isolated strips of Vindhyans occur in 
such abmpt relation to the snrrounding gueisses of the plains beyond that their 
position can only be accounted for by their having been let in by faulting. 

No better display of faulted or squeezed folds, remnants of arches, and natural 
boundaries‘below scarps, can be pointed out than that of the Eamra range still 
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farther westward. The Kanira mass (2,878 feet) itself has its lower slopes of 
crystallines crowned by a somewhat crushed synclinal of thick-bedded sandstones^ 
with a good band of overlying red shales in the hollow above, giving scarped 
edges on the northern hice of some hundred feet high; and, in the deep valley 
between this mass and the proper rim, one may recognize the remains of the 
great core of crystallines and its covering arch of sandstones, 

A magnificdnt display of dip slopes occurs in this neighbourhood, on the 
southern flanks of tlio Pidadni (2,836 feet) ridge. Broad bed sui-faces of dark 
black-brown weathering sandstones slope up from the narrow valley, inside the 
low foot-hills edging the plains, at an angle of 30® or so, with hardly a break, to 
tho very crest of the ridge, the sharp and jagged bed edges of which stand out 
clear against the sky. There is scarcely a foot-hold on these slopes for any but the 
local jungle people; and it is merely where jointin'g and weathering have faci- 
libited the scouring out and breaking up of ledges and the gathering of angular 
debris in stream-like heaps tailing up the slopes, that scrub and low jungle have 
been able to grow and vary the dark expanses of bare rock sheets. 

Westward of tho village’ of Labed, at the foot of tho Kamra hill, an open 
country of crystallines extends to tho Hasdu river, its southern edge being 
fringed by the low slopes leading up to the now simple and much less lofty 
edging riin of sandstones in tho Sidapat (1,524 feet) and Rang, or Mamarani 
(1,713 feet) hills. In this direction, too, the thickness of tho sandstones dimi¬ 
nishes very rapidly; so much sor, that beyond the Hasdu, in the Sandadi and 
Jogia (1,113 feet) undulations there can scarcely be more than 150 to 200 feel. 
The natural pose of the sandstones on tho gneiss is fairly well displayed; but it 
is hero that their lowest strata become decidedly thinner and more flaggy, while 
associated with them are sharp gravelly sands, sandy .shales, and coarse schistose 
and clay-slate layers; in fact a stronger show of tho coubict beds seen in tho 
Gida hill. 

An interesting feature about tUia Rang or Mamarani region is, that though 
the hill appears at a distance to bo capped with sandstones, and to have a certain 
sb'ght scarp, after the fashion of tho edging hills over the country already 
described, it is really only covered or scarped with those more flaggy, shaly, and 
coarse sandy gravelly strata just described. Tho bulk of the massive sandstones lies 
well in from the scarp or outer edge, being underlaid by about 30 feet of clayey and 
sandy flags, shales, and flagstones, which crop up and form a good deal of the upper 
part of Rang and Mamarani, ns well as the edge of the low scarp topping tho 
slopes on the left bank of the Hasdu river and overlooking the villages of Jika 
and Mohara. This western scarp is very instructive; for it shows the bottom beds 
of the sandstone series all along its crest as they rise gradually northwards to the 
Rang spur, over which they roll easily and bend down almost to the plains. In 
descending from the hills to Jika, tho scarp or cdgip of the descent is very thin, about 
10 feet or often less, consisting of a bed or beds of coarse black or reddish-brown 
ferruginous grits, made up of grains of wliito and glossy quartz in a ferruginous 
matrix, gravelly or pebbly towtjrds the base, or sometimes having larger scattered 
pebbles of the same kind of quartz. This hard bed Ues directly on east to west 
striking micaceous schists, or coarsish crystalline gi-anulair micaceous vocks easily 
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weathered; or there is at mtervals a varying thickness of greenish and dirty-grey 
earthy micaceons clay-slates coming in between it and the sab-metamorphio rocks. 

It is necessary to state here that this undoubted bottom bed of the Vindhyans 
is lying nnconformably on the micaceous schists and other rocks constituting the 
slopes leading down to the Jika river flat. At the same time, it struck me that 
these subjacent schists could hardly be considered as belonging to the regular 
crystalline or gneissio series, though they look mure metamorphio than 'transi¬ 
tional There is an E.—W. strike in the slopes and away down in the plain, the 
general strike in fact of the true gneisses to the north; but this is apparently 
only local, as they seem to trend round on the opposite bank of the river and as¬ 
sume the If.—S. strike exhibited by the peculiar quaitivsite or quartz-schist bands 
lower down about Satiguri, and away to the westward towards the Dulha and 
Soti country already treated 6f as showing rocks having a transtional aspect; 

The style of the bottom sandstones westward from this point on the Hasdu is 
given in Mr. Medlicott’s paper {ante) ; but it may be mentioned here that I 
have representatives of them at the extreme north-west corner near Borla where 
quartzite sandstones and pebble beds occur underlying the limestones. 

The rocks of the great plain are essentially limestones and shales which roll 
about in long, easy undtdations, or are comparatively flat for many square miles at 
a time. It is only hero and there, however, that exposures are frequent or of any 
extent, the most of the plain being covered with alluvial clays or soils of various 
kinds, beneath which the limestones or the shdles may bo found at a moderate 
depth. The shales are nearly always of a red-purple color, with pinkish or greyish 
shades: very rarely are they of green or dirty grey, or dark colors, though this 
is their style in the immediate neighbourhood of Raigarh. The limestones are 
generally grey or fawn-colored, lomeliraos pinkish or palc-reddish purple, often 
almost black, or dark blue-grey; thick-bedded compact splintery, or flaggy 
coarse and earthy or clayey where they shade up or down into shales; they are 
very often siliceous throughou,t, or seamed iivith fitio films of siliceous matter, 
and chert bands. The more clayey and shaly laminated bands are often remark¬ 
ably concretionary with polygonal, sub-spheroidal, and flattened 03 rster-liko masses 
packed together over the bod surfaces, or along inter-laminar bands of more com¬ 
pact clayey constitution. Both shales and limestones are more or less cleaved 
round the edges of the field, more particularly so perhaps at the north-west comer. 
It is difficult over such a flat and ill-exposed coiintry to say whetlior there may 
not be more than two steady bands of these rocks : it appeared to me that, broadly 
speaking, there is a tendency in the whole member to be generally shaly at the 
bottom, the limestones coming over in varied fome; though there is also a tendency 
in the shale band to have subordinate seams of limestones while thelimestone has 
its shale intercalations. 

Local. intercalations, or even apparent supor-jacent exposures of thin sand¬ 
stones pebble beds and sandy flags, or lydian stone bands, are exhibited at places; 
the latter occurring to the north-east of Bilaspur about Norgoru, and the former 
to a very wide extent in the Raipur country, or on the Mahanadi near Chandar- 
par, or in the low Sai Dongri group of hillocks towards Padampur. 

A curious, and as yet stratigraphieally unsettled, outcrop of apparently higher 
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sandstones and fixtremely coarse conglomerates occurs on the right bank of the 
Mand where it crosses the plain before joining the Mahanadi, as the Girgiri and 
Tundri ridges. These low hills lie in a sort of broken chain, with intervening 
stretches of low country, between the Gida hill on the north and the long north 
to south Dadarpali range on the right or south bank of the Mahanadi. Mr. 
Medlicott surmised that these outcrops might be northerly prolongations of the 
anticlinal roll Ih the Dadarpali range; but a closer examination of them seems to 
me to point to their being portions of a crushed synclinal which might be 
expected as. a complementary hollow wave in the strata on one side of the hidden 
portion of the anticlinal exhibited in Dadarpalli and the southern end of Gida hill. 

In the first place, it is really only by the merest chance exposures that rock 
is seen in situ in these ridges, for they are to all appearance made up entirely of 
loose well-worn pebbles, shingle, and largish bouldfers of various kinds of quart¬ 
zite, quartz-schist, and some crystallinp rocks. The whole facies is that of great 
shingle banks formed in comparatively recent times alongside the bank of the 
Mand river; even the tops, of the ridges consist of loose debris. However, I 
found good hard quartzite sandstone and conglomerate in a small cross valley north 
of the Govindpur peak, obscurely bedded but apparently vortical and striking 
north to south. Again on the extreme north end of the western Tundri ridge, 
there are coarse pudding-stones, having a hard purple clay-stone matrix, which 
are traceable along the crest of that part of the ridge into massive heavy con- 
glomerate rock having no defiliito bedding. The pudding-stone is very ob¬ 
scurely associated by super-position on the red-purple shales forming the slopes 
of the ridge the <lip of the latter being 40° to 50° eastward. The main portion of 
this western Tundri ridge shows no bedded rock, but it has its steeper side to 
the west. The eastera Tundri ridge, on the otljer hand, looks to have a westerly 
dip, and this agrees with the lie of the shales and giitty beds in the plain at its 
northern eiid. 

The shales and limestones in tho plains below these ridges have never teen 
traced into actual contact with the sandstones, though they are often quite close 
enough to accentuate the fact that on both sides their dip is rolling and inwards 
towards the ridges; while at the north end of Giigiri, by the village of Baila- 
garh, the shales strike round east—west and dip southwards. 

All these conditions point, 1 think, to the preservation in a couple of ellipsoi¬ 
dal hollows or synclinal waves of a remnant of overlying sandstones; the south¬ 
ern or Girgiri synclinal being in an extreme state of crush. Looking at the 
rapid change from heavy conglomerate to scattered pebble bed or pudding-stone 
at the north end of the west Tundri ridge, it would appear as though their 
extremely ootose detrital constitution may after all be only a very local develop¬ 
ment in an insignificant sandstone band, the lateral extension of which may be 
indicated by the occasional outcrops of sandy flags and pebble beds occurring in the' 
limestones and shales to the westward in the valley of the Baghar stream; or it 
may be an extension of the sandstone^in the Sai Dougri hillocks near Padam- 
pur. Mr. Bose has also indioated a laige spread of sandstones in the B^ipur 
country, overlying, to all appearance, the limestone gioup; and the Girgiri beds 
may be related to these. Thoio is, of course, no certainty that theae*variouS and 
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detached nandatone occnrrences are of one and the aame band, or e\ren that aozae 
of them are not merely local intercalations with the Umestonca; so that it would 
be rash to conclude that the Girgiri conglomerates or the Raipur sandstones 
belonged to a farther and snperior member in the series; at the same time there 
aro evidences of the possibility of such a succession in the detached area of 
Vindhyans, near Nawagarh, to the south of this basin, described by Mr. Ball in 
his papers on the “Mahanadi basin and its vicinity,"' 

Ghitpi beds .—At the north-west conjer of the basin, tho route from the Bilas- 
\)ar plains to the Mandla plateau goes by the Chilpi gh&t; and as it was on this 
pass that they were first examined, the rocks now to be treated of may, for present 
convenience, go by its name. Mr. Medlicott has suggested the possibility of their 
being of lower Vindhyan age, and as either lower than or partially representative 
of the sandstone member of tho Chhattisgarh series. It was thought that Mr. 
Bose’s examination of the western side of the basin, in the Saletekri range and 
its slopes, in so far as it took up a southerly continuation of the Chilpi rocks, 
would have cleared up all difficulties or obscurities in the way of settling their 
relations to tho rocks of the plain ; bnt, as already hinted, that examination was 
not sufficiently exhaustivo. hly march into Mandla, at the end of tho season, 
gave another opportunity of examining the gh&t section; and this experience 
taken in connection with what I had already seen en passant at Ratanpur and 
about the Soti hill, enables me to connect in a distant way, the rocks of both 
areas and compare tho relations of each with the plain series. 

As far as the Chilpi ghat and its immediate neighbourhood are concemedi 
there is no contact section: the strata of tho foot-hills are separated from the 
limestones and shales of tho plains by a belt, a mile or so in width, of alluvial 
deposits, and such seems to be the condition of obscurity all tho way southwards 
along the western edge of tho plain. Taking the section along the road to Chilpi 
from Borla village on tho edge of the plain; the traveller’s d&k bungalow is 
built on grey or pale flesh-colored hard quartzite sandstones in strongish beds* 
somewhat pebbly and conglomeratic which aro hero exposed by denudation as a 
roll up from under tho limestones and shales of tho immediate neighbourhood. 
The small temple hill in tho village consists of these latter rooks; and to the west¬ 
ward there is about a mile width of alluvial deposits. The road then rises gradually 
from the alluvial flat over brown and buff-weathering cJay-slates, internally of 
flir ty dark green color, constituting the main mass of the first ridges or foot-hills, 
their strike being about north-east-south-west, with a rolling or undulating 
general dip to north-west. To the southward of Borla, about the neighbourhood 
of Chahata and Gungho, just within the edge of the plain this strike has a more 
southerly trend; and here the clay slates are overlaid by thin sandstones and 
gravels with a rolling easterly dip, though, as usual, there is the tantalizing blank ‘ 
of aUuviunt and cotton soil between them and the limestones out in the plain 
of Minminia. Chahata is on dark-g»«en, reddish-brown weathering, coarse clay- 
slates, and these are tolerably well traceable towards Gungho where they gradu¬ 
ally become overlaid by rolling yellow and buff sandy and clayey shales, which in 
their turn are succeeded by thin sandstones and gravels, having an easterly dip. 

* Becords, Q. S. I., X, p. 173. 
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The difficulty is to say decidedly whether these shales come in over ^ the clay- 
slates in conformable or 'tinconformablo succession; for the lie of the latter is not 
well displayed, and they could easily have rolled over from their high westerfy 
dip at Chahata. My own opinion is that the shales and sandstones are uncon- 
formable, and they certainly do look veiy like the tliin gravelly and shnly bottom 
beds at Batanpnr, and on the Hasdu. 

Taking up the road section again; it crosses the foot-hills by a winding 
course to the open valley of the Banjari,stream, always over dark-green clay- 
slates (weathering bnfE-brown and reddish colors) with which are associated 
subordinate beds of harder compact claystonc and—less frequently—^beds of hard 
sandstone (quartzite) much stringed with white quartz. Similar rocks, with 
perhaps coarser and more sandy cleaved shales, sometimes weathering a bright 
ferruginous red, fill up this valley and constitute tho greater part of the ridges 
on its western side, and beyond this occur traces of hard green quartzosc beds, 
or grits, full of particles of white quartz and felspar or larger sub-angular 
fragments of granitic and crystalline debris. Then, at tho foot of the old ghat 
or pass up to Rajahdar are massive, granular, and somewhat porphyritic green¬ 
stones, and rod and green mottled brown trappoid rocks, in somewhat banded 
outcrops and apparently striking with tlie green quartzose grits, and slaty strata 
even higher up the pass. 

The strike ovei* all this ground is about north-east—south-west, and the dip 
appeara to be generally north-westward, though rolling and folding almost 
amounting to reduplication are evident. Towards tho foot of the old ghat, how¬ 
ever, the strike trends round to nearly north and south. 

Following up the Banjari stream towards Palak, the change 8f strike becomes 
more quickly developed, until at the camping place it is south-south-east to north- 
north-west, with east-south-east dips. Here, too, there is a decided and sudden 
change from the clay-slates of the foot-hills to what would appear to be—from 
the dip—an underlying band of' hard massive green white-speckled grits, 
associated with coarser and more massive cleaved shales and shaly grits, and clay 
slates. The speckled grits become, as the strike is crossed against the dip, 
coarser and coarser in their contained debris, until a thick and strong band of hard, 
but irregularly-bedded, extremely coarse and heavy conglomerate is reached, which • 
is best seen in the river north of the road. This band is a closely packed but 
very obscurely bedded mass of well-worn, rounded, sub-angular and angular 
fragments of various kinds of quartz, quartz-rock, quartzose rock, or fine quart¬ 
zite and qTxartz-schist, hard green shales and cher^, through which are scattered 
small pebbles or rounded masses of white felspar. The speckled green grits 
above it are fttller of bits of white quartz and felspar; and when they are very 
fine grained and compact, they certainly have a sort of igneous look. -Below, or 
to the westward of the conglomerate band, are further dark-green massive slaty 
bands, with softer slates at intervals, and there are also frequent outcrops, perhaps 
repetitions, of the white speckled grits. Towards the foot of the main ascent of 
the gh&t, indications of a lower easterly dip are freqnent, and there is some undnla- 
tion among hai’d thick-bedded massive slaty quartzose rocks. Next comes a long 
display of trappoids and dark-green massive trap or greenstone; giving perhaps an 
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exaggerated view of their possible thickness, as the road keeps a good deal on wha4' 
may be their strike, if they are associated in this way with the more manifestly 
bedded rocks of the foot and upper part of the pass. Near the top a heavy con* 
glomerate, exactly like that below at Palak, occurs with a westerly dip; and 
this rook is succeeded by the Lameta limestone and the overlying basalts of th^ 
Deccan series. ' 

On the plateau, the basalts, after some distance from the edge, aifd to the north of 
Kajahdar, have been denuded along thg valley of the Phen river, until the thin 
underlying Lametas again become exposed; while further down the valley there 
are occasional outcrojis of a strong conglomerate answering exactly to that at 
bottom and top of the ghSt. Thence westwards to Motinala, clay slates and green 
quartr.ose and compact schistose rocks are prevalent. Schistose micaceous sand¬ 
stone flags occur in the bed of the stream below Motinala, with a dip of 6“ north¬ 
west ; and similar sandstones and slaty shales are common in every small water¬ 
course of this small valley, rolling about at all angles. 

So far the Chilpi facies is clearly recognizable; but somewhat more generally 
schistose, hornblendic and micaceous rocks come in over the Halon valley and extend 
to the Bichia basalt plateau, without however any sudden change, or any more 
steady strike or lie. On the other hand, in descending from the western edge of 
the Bichia plateau to the Anjania valley, the more generally massive and crystal¬ 
line gneissic rocks would indicate that the limit of the Ohilpis had been passed. 

In reviewing the lithological and st ratigraphical conditions exhibited on the 
Chilpi gh&t, as well as over the area of what are manifestly the same set of rocks 
westwards towards the Hasdu river, or again southwards in the Saletekri ridge, it 
is difiicult to avofd noticing certain points which seem to militate against the rela¬ 
tion suggested by Mr. Medlicotb»as existing between them and the liower Vin- 
dhyans of the basin. ^ 

In the first plnco, the Chilpi rocks have a decidedly different facies to those 
of the plain and its proper rim, while they Seem to pass gradually or without a 
break into more and more thoroughly sub-metamorphic rocks. I do not, however, 
here lose sight of the fact that in Mr. Medlicott’s Lurmi section, the junction 
between the crystallines of the Khathar hill and the slates and shales on its southern 
flanks is comparatively sharp. 

2. There are rooks on the Chilpi ghat which can be very closely matched by 
those of the Batanpur ‘ old city ’ hills and the Soti hill, where as I have already 
described, there seems to be a transitional facies emphasized by a strongly dis¬ 
cordant relation with the bottom sandstones of the rim of the basin. 

3. The Chilpi series occupies a broad tract of country, and though this may be 
shewn to narrow down in a gradual way to the Hasdu river, the s'trange fact re¬ 
mains—supposing they are Lower Vindhyans—^that it should come in in such.a 
marked and rapidly thickening manner at one side or comer of the basin 
either from under, or in •association with a thuming out of an essentially sand- ‘ 
atone group which has been over the remaining two-thirds of the basin edge the 
absolute basal member of the Chhatcisgorh Yindhyans. 

4. Although there is no known occurrence of the thin bond of bottom 
sandstones (with shale intercalations) on the Chilpi gh&t itself; an apparent 
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representative of them occurs to the south of Borla overlying, I think unconfom* 
ably, the green clay slates of the footchills. Similar sandstones have been recog. 
nised still further to the south, but under the disadvantage of not as yet having 
been clearly distinguished from other sandstones which are associated with the, 
slates and trappoids in the Saletekri hills. Nevertheless these questionable occurs 
rences have some value in this stage of the enquiry, in so far as they lend color to 
tbe expectation *that a distinct and recognizable thin sandstone representative of 
the Cbandarpur beds may exist all round |;he western side of the basin. 

5. The apparent parallelism of strike in the rocks of the plains, and in those of 
the foot-hills, can be accounted for by north-westerly crush of the easy-lying 
basonal beds against a scries which may have already had somewhat of the 
strike exhibited in the Lurmi, Chilpi, and Saletekri slopes. 

There are other exhibitions not unconnected with the Chilpi rocks which 
might be referred to now; such as the occurrence at Sakoli of coarse conglo¬ 
merates, trappoids, and green rocks in the extreme southern spurs and prolonga¬ 
tions of the Saletekri hills, already known through the work of Messrs. Blanford 
and Ball,‘ but they have not been connected up with the present work. 

I may point out, however, that Mr. Bose has mapped in a tract of rocks on 
the southern edge of the Eaipur part of the field, separated entirely by crystal¬ 
lines, from those of the Saletekri hills, near Khussumkassa, which he considers 
representatives of the Saletekri, or in other words the Chilpi series. The awkward¬ 
ness of this occurrence is that the relations of the bottom sandstones of the basin 
edge to those underlying rocks are not sufficiently displayed, or closely enough 
described by Mr. Bose, for the acceptation of the unconformity which might be 
inferred. 

The relations of the Chilpi series and the proper Chhattiagarh Vindhyans must 
therefore still remain an open question; and though I have tried as well as I 
could to put forward some of the points which strike me as not satisfying the 
i«quiremonts of Mr. Medlicott’s suggestion, it will be safer to hold by it until 
better evidence can be accumulated. 

Lowbb Gondwana. 

The general limits of this formation in the present field have been long known 
through the work of Messrs. Medlicott, W. T. Blanford, and Ball, and papers 
by the two last authors on the numerous coal-fields have appeared from time to 
thne in these recorils. Thus our later work has been little else but the filling in 
of unsurveyed intervals, or the ascertaining of detrils. 

A remarkable physical feature in this region, paralleled in many other Lower 
Gondwana areas, is the generally straight south-western boundary, extending as it 
does with tolerable precision from the neighbourhood of Korba nearly down to 
Sambalpur. It is not proposed hero to enter further into tbe general discussion 
as to whether such straightness of boundary is due to faulting in great part, or 
merely to deposition in a straight-sided valley or basin; but, as bearing upon tbe 
local feature, the fact of the occurrence of a small and hitherto unknown area od 

* Becordx, G. S. L, X, p. 180. 
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Ti^chirs and Borakars aotnally within the Chhattisgarh basin is of oonsidarable 
interest. 

This outlier occurs on the eastern Banks of the Gida hill, and being in the 
plains, is at about the same level as, or very little lower than, the proper Mand 
valley coaUfield to the north of the river pass. It^occupies an area of ‘about 

square miles; the Barakars, which are in contact with the Vindhyan sand> 
stones of the hill, taking up about half the spac^i, while the Tdlchirs hade out 
from underneath them and fill up the remaining half, the latter resting on the 
red purple shales of the plain. Both groups are well displayed in the vicinily 
of the' village of Kunkuni, lying with on easy dip of 5°—10® west-south-west. 
Actual contact of the Barakars on the Vindhyan sandstones was not found, 
but the junction is so close at the southern end where the Balu strealn issues 
from the central valley of the hill mass, and the baying-in of the sandstones 
over the easterly dipping quartzites is so clear that natural and easy contacts 
cannot be doubted.. 

The Barakars resemble very closely those of the Raigorh-Hingir conntiy* 
but without any trace of coal that I could see, and they have near the base 
the same ferruginous flaggy and clay-stone band,'giving latoritic weathering, which, 
hero too, is worked for iron by a colony of lohars. The Talchirs are the usual 
greenish silts or veiy fine sands with occasional boulders of gneiss and quartzite, 
and at the southern end of the field a local "exhibition of fine pale-yellow or buff 
sandy shales occurs in a bend of the Brlu streaia. * 

I will not go so far as to suggest that this little field was once connected with 
the main area to the north; indeed, the character and lie of the rocks in the 
river gorge is rather against such a view : but there is no doubt that the condi¬ 
tions of deposition and subsequient movement must have been much the same 
in both areas, as well as in the more distant area of Talchirs and Barakars to the 
eastward in the Sambalpuri-Kodibuga valley near Baigarh. The only difference 
in the occurrence of the groups in the lattor»region is that the Talchirs are not 
exposed on what may be called the off-side with regard to the Vindhyan sand¬ 
stone edge, but crop up at intervals where the Barakars have been denuded on the 
inside or next the hill ridge; but this does not alter the fact that here, as on the 
flanks of the Gida hill, the Barakars simply overlap natural-lying Talchirs by 
thickness of deposition against a rather steep wall of more ancient rocks. My 
examination of the Sambalpuri valley was very close, and it soon became evident 
that the boundary where the Talchirs are seen in close juxtaposition with the Vin- 
dhyans is not straight but wavy, and delineatable (to coin a word) as such on the 
1-inch map. Indeed, if general straightness were to be taken as at all conclusive 
of faulting, it might be doubted whether the straight limitation (always covered up 
by alluvium) between the Kamthis and Barakars on the opposite side of this 
narrow -valley were natural. The turning up of the Talchirs at low angles 
along the slrirts of the Sambalpuri ridge of quartzites is, at the same time, 
really not more than is consistent with the peculiar filling-up and banked style of 
very many curious Talohir exposures, yet to bo noticed, in other parts of the field. 

Talchirs .—Further survey has marked out a strong development to the north¬ 
ward of &!orba town, in the Chhuri, Mahtin, and Uprora zemiudarios, and on 
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north-eastward into Sirgujah bj Lakhanpur.. On the Ghhuri and Mahtin side^ 
the formation fills up the bottoms of several idng and deep valleys running be¬ 
tween high hills of gneiss, while there are also outlying patches of the character¬ 
istic silts and boulder-bed on the hills and uplands; and in this way the intervals— 
if indeed they do exist—which separate the Mahanadi tract of G-ondwanas from 
that of the Son in South Rewah must be very short. In Uprora, the Talchirs 
are continued eastward and north-eastward by a narrow fringe bordering the 
northern edge of the Phutka mass of hills, and thence below the steep slopes 
of the Lakhanpur plateaus. 

The thickness over this part of the country is very unsteady : and the pre¬ 
sence .of boulder-bed, or fine laminated shales,’or fine silty sandstones is equally 
capricious. The floor of crystellines is most rugged and uneven; valleys, ravines 
ridges and bosses of these rocks having been filled up or covered over until 
the more even surface was produced upon which the succeeding Barakars were 
deposited. To the north-eastward, or at the foot of the Dulapur (3,169 feet) 
and Jaun (3,l97 feet) range, the fringe is very narrow and of little thickness; 
but further south or below the Samar (2,411 feet) cliffs, the boulder-bed and fine 
uneven-bedded sandstones are well spread out over the Arsena upland, with a 
most yariable thickness, evidently filling up hollows which wore as numerous and 
deep as the existing valley system of the head drainage of the Gaudhar stream. 
The Arsena display is very curious "and puzzling, for one could not bo always 
sure that the freqdent occurrences* of very large masses of gneiss and granites 
were not in situ, or that the extraordinary amount of g^vel and shingle 
associated with them was not merely Talchir debris. However, one soon meets 
with almost as frequent big masses of quartzite sandstone; wliile the different 
lithology of the crystalline masses l>ocomes apparent: and in the end similar 
blocks ai’e seen embedded in the fine silty sandstones forming the very steep 
sides of some of the minor valleys. 

As usual, there is no fixed horizon or level for the co-arser or finer forms of 
deposition: fine sandstone, shales, or boulder bed may bo mot anywhere in the 
ravines or on the shoulders of the downs or rounded hills of this tract; and the 
general facies is that of irregularly banked-up accumulations of fine silts, shales, 
or boulder bed having only very local lamination or signs of bedding. 

The small water-course rising on the Arsena aide of the remarkable crystal¬ 
line ridge (with a dyke core of basalt), gives a fair display of the Talchirs as it 
flows down towards Lemru, The bottom rocks, plastered as it were over the crystal¬ 
lines, are blue-green silts and shales full of pebbles a^d big boulders of all kinds of 
quartzite sandstones,hardened shales or clay-stones, and crystalline*, not crowded 
together but sfattered at irregular intervals. There is no steady lamination or 
bedding, merely a sort of inconstant or wavy arrangement indicative of irregular 
and interrupted sedimentation. The boulder banks are overlaid or succeeded by 
yellow-green and buff sandy shales—still holding a few boulders—which in their 
turn shade up into a veiy thick accumulation, sometimes bedded, of yellow and 
greenish sandstones. These last are succeeded by coarser sandstones, but without 
any passage being seen in any exposure that T could find, which must be taken as 
Barakars. The low ridge immediately south of Arsena, for example, haa' iis summit 
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of thin-bedded brown ferruginous sutdstones and grits of the lower Barakar type 
of the Hingir coal-field; but they in quite gradually and naturally over the 
Talchirs. 

Between Lemru and Deopani to the west, the out-crops of huge massrapf 
gneiss in the fine bufE sandstones are so strong at times that some of them can 
hardly be other than knobs or crests of irregular ridges, once more exposed 
through denudation of the Talchirs; and this form of ocourrenceu not so strange. 
when the conditions of the very remarkable system of east-west crystalline and 
basaltic ridges in Mahtin and Uprora Is considered. The crystalline ridges f«- 
doubtedly stood out very much, as they do now, in Talchir times; for silts, boulder 
bed, and sandstones can be seen in both regions lying flush against the base of 
some ridges, even on both sides; as is more particularly the case in the valley 
to the north of Uprora, and in the two long and narrow valleys leading west¬ 
ward &om Mahtin to the Pendra upland: but the basaltic dykes forming some of 
their cores are of later age, for in other parts of the field they cut right up 
through the Gondwanas into contact or junction with the overlying Deccan trap. 

The lie of the formation is generally very easy ; but the different elevations 
within short distances, at which one finds bottom deposits, are apparently so great 
that it has been thought necessary by previous observers to call in more than 
ordinary elevatory forces to account for them. The highest show of Talcffirs in 
this field is on the Her valley, near Meria, at about 2,500 feet over sea level, whilo 
the nearest low-lying tracts of the same rocks are on tho head-waters of the Hand 
near Rakhob, at an elevation of about 1,000 feet, with an interval of about 19 
miles horizontal; or in other words with a fall of 1,500 feet in 19 miles. There is 
undoubtedly some faulting in the neighbourhood of Bakliob, but an average dip 
of not more than 11® is all that js required to carry the Talchirs of the Hand up 
to their elevation on the Rer. Much sharper differences of level, though the ab¬ 
solute height is not so great, are frequent, according to the observations recorded 
by Sub-Assistant Hira Lai, in the Chhuri and Mahtin countiy; but these are all, 

I think, explainablo on tho peculiar filling-up tendencies or ballasting powers of a 
ground-ice, or floating-ice formation such as the lower portion of tho Talchirs 
appears to have been. 

The puzzle about tho formation here is to say where it ceases in an up¬ 
ward succession, or at what stage the overlying Barakars come in: all that one 
can be sure of is, the being on Talchirs of the more typical form, or on Barakars 
of well-known and widely distributed type; and thus the boundary between the 
two is to a large extent arbitrary, though after all it cannot be far out on either 
one side or the other. I was enabled to follow the succession with fair closeness at 
two points: first along the bed of the Eesla tributary of the Dhongur river on the 
south-west skirts of the Phutka mass of hills in Eorba; and next, down the 
Eatora pass, from the Sirgujah high-lands to the lower upland of Uprora, in the 
extreme north-east of our area. I was on undoubted Barakars with coal seams in 
the Eesla stream, and in following its oourse downwards, I passed, without once 
losing sight of rock, insensibly from great thick-bedded pot-hole-wom sand¬ 
stones to finer and finer-grained thick bods of greenish-yellow and buff sand¬ 
stones almost like some varietim of Talchir sandstones. Then after a blank of 
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allavial deposits, the next rooks seen lower down the rirer towards Eisdnare silts, 
and the boulder bed. On the Katora pass, the interval between the undoubted 
boulder-bed and silty flags at the bottom near Bahue and the thick-bedded fine 
yellowish or buff sandstones of the lowest run of cliffs is much shorter; but it is 
covered, as usual, on that side of the country by a talus of debris which has gathered 
below these cliffs. 

One other bht isolated occurrence remains to be noticed of Talchirs and Bara- 
kars in tolerably close contact. On the head-waters of the Ber river, that is, on 
the upland to which the Katora pass le^s, about the villages of Kesura and 
Merua, Mr. Ball had already distinguished Talchirs, or rocks which he considered 
lithologically undistinguishable from them. There can be no doubt as to their 
occurrence here, but the boulder bed is in such close and abrupt juxtaposition 
with thick-bedded fine sandstones of the type indicated in the last paragraph that 
the junction has certainly an appearance of unconfirmity about it. Unfortunately, 

I was here struck down with a sharp attack of fever which necessitated my 
marching out of the valley as soon as I could be moved, so that the clearing up of 
this point remains over for a later visit. 

Barakars .—^This formation is fairly distinguishable over most of the Korba, 
Man^ and Rer regions, while it possesses the valuable characteristic of being coal¬ 
bearing in several localities. Ball had already followed it out over the east side of 
the Mand valley and Blanford had traversed the Korba field; while I have closed 
in the country between, carrying the coal-bearing horizon into the lower portion of 
the great Phutka hill block. There is no difficuliy about recognition on the south, 
south-eastern, and eastern flanks of the mountains, where the slopes are long, giving 
good exposures of typical rocks; but it is not at all so easy to do this on the steep, 
cliffed north-western frontage, for in the first plac^ I failed to get a trace of coal or 
carbonaceous shale, and the rocks themselves are not so clearly of the Barakar 
type. It turned out, however, that the 16wer line of clLffs is made up of thick and 
fine-grained beds like those of the loyer reaches of the Kesla river, and the bottom 
of the Katora pass already referred to; and that the more usual form of Barakar 
sandstones is higher up in the cliffs or rather in the short terrace between the 
two tiers of clifb, generally marking the north-west faces of the range. The 
key to this interpretation is afforded by the succession of strata as exhibited in the 
Mand valley below the western slopes of the Phutka range, particularly on the 
Bijakharra and Labed streams. In these sections a fairly well-developed seam of 
coal and carbonaceous shales is overlaid by softish fine-grained yellow or buff 
sandstone, dashed hero and there with sheets of salmon and red colour. High 
bluffo of this form of rock occur every now and then aiS the sharp bends* of the stream, 
sometimes 50 feet in height, without a single bod parting; or if there be such, it 
is only for short distances. Often there is just a thin bottom layer or bed, 6 
to 8 inches in thickness, coming in over the blue and grey shales of the coal seam. 
The features of this variety of Barakar sandstones are thickness of bedding and 
fitiR U RHH of texture. ‘ Up above and for some distance in from the feice of these cliffs 
the rock is so soft and devoid of any trace of lamination that it might be taken for 
a semi-hardened or cemented form of superficial deposit. In the Bijakharm river 
above the Kulgao-Phulsari crossing, one may walk for a milo or so ovm* coal and 
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oarbonaeions slialdB with the sapevincninbent thiok-bedded, even-textured, fino- 
grained buff and yellow red-dashed sandstones rising up in clean cliffs on either 
side; and still further up, these are gradually succeeded by massive coarse and 
pot-hole-worn sandstones of the type so provalent in Hingir and in the Wardha and 
Godavari valleys. 

This soft lower member is tracoable on northwards to Amaldiha at the head of 
the Hand valley, and is recognizable again in the Matringa valley* of the Sirgujah 
upland on the head-waters of the Ber. Indeed, the constitution and texture, 
and fair horizontality of these rooks has contributed greatly to the peculiar 
terraced contour of the bottom of the Matringa valley: the steam runs in what 
looks exactly like a terraced alluvial plain at the bottom of a long and wide 
mountain valley, but the terrace is of these soft Barakar rocks which give the 30 
to 50 feet ^p to the proper nver plain. The villages of Matringa, Merua, &c., 
the cultivated lands, and all the beautiful stretch of sal jungle are on this ter¬ 
race and overlook as from a vantage ground the lower flat with its winding 
river. Similar strata terrace the valley of the Borki tributary of the Ror 
to the westward, up which the road to the Katora pass runs; and over that pass 
and down its western slopes in the Bahue valley the same beds are again found 
forming a terrace step and cliff descent of nearly 200 feet to the underlying 
Talchirs. 

Kamihia. —The Barakars of the basal portion of the Phutka range axe gra- 
dually succeeded by a great thicknerrs of mhre open-grained coaxser-textured 
and often pebbly, generally white or purple-streaked folspathic sandstones, with 
frequent intercalations of white clays, in moderately thick and weU-deflncd beds; 
the only sign of break or passage being the occurrence of a badly-defined band 
of varying thickness of browurweathering ferruginous sandstones which may 
be taken to represent the more generally surface-exposed tracts of red and brown 
Kamthis in the Hingir-Raigarh count’ry. The pale colour and wonderfully 
pebbly constitution of the upper strata led me at first to suspect that the 
higher parts of the hill mass might turn out to be of Upper Gondwana rocks i 
but the occurrence of muchemshed, though recognizable, specimens of Vertehrafia 
in the white clays of the Guarduaxi (8,250 feet) hill eftcctually stopped this 
expectation. 

That the brown ferruginous band of sandstones marks the basal portion of 
the Kamthis in the Phutka range, is pretty evident from the fact of Mr. Ball 
having been able to distinguish his Hingir or‘upper sandstones’ {Kamihis) 
up to and across the Mand liver, as far as the little Gumar plateau; and from 
my having carried the same rocks into the larger Jobi plateau and thence after 
an intervening plain of SarakoiTS, into the Kakaigadra (1,602 feet) group of 
low hills, about Nunbira and Sendrapali, forming the extreme end of the 
southern spurs of the Phutka range. Simitex brown, sandstones make up the 
lower parts of the loftier Raka and Bitrahi group, and are there succeeded or 
overlaid by paler-coloured white or phrple-streaked open-textured and coarse 
pebble-seamed beds with white clay intercalations, containing Vertehraria. 

I did not come across any section showing actual contact of the Kamthis 
on the Barakars, but there always appeared to be perfect conformity between 
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the two. On the other hand, overlap is very clear at this sonthem end of the 
Phutka spurs, there being only a veiy narrow strip of Barakars in the Sendrapali 
and Dongama plain below the low Kamthi scarps of the Eakaigadra range, 
and this is edged bn its south side by a thin fringe of Tidchirs next to therising 
ground of crystallines on the flanks of the Pipra ridge. 

' The apparently diminished ferruginous element in the Phutkf. Eamthis is very 
marked; while there is little, if any, sign of the red clays so common in the Hingir 
coTintry. This may arise in great part tljrough insufficient exposure and denu¬ 
dation, or from the overpowering influence of the greater thickness, sometimes in 
great scarps, of lighter or paler coloured rocks, and the very large amount of their 
debris scattered over the lower slopes. It must also be remembered that the best 
exhibitions of ferruginous strata and red clay bands must necessarily be where 
denudation has laid bare extended plateau surfaces of those particulao)} members, 
as is the case in the Hingir country. A rather prominent form of debris, 
scattered about the skirts of the Phutka range, consists of huge fragments of a 
pale-red clayey form of latorite which seemed to point to the existence of red 
clay bands; but this soon turned out to have fallen from the capping of latorite, 
or a latcritized form of weathered trap occurring on many of the loftier flats 
of this mountain mass, at levels of from 2,000 to over 3,000 feet. 

At the same time, there is an almost absolute thinning out of the lower brown 
ferruginous member on the northern flanks of the Phutka range, or more especially 
in that deeply eroded portion of it joining on to the Sirgujah plateaus over¬ 
looking the Her drainage. I always passed on that side of the country, wherever 
there is a gap in the hills, from Barakars of the fine*grained type to- coarse and 
harsh open-textured grey or pale buff and white purple-streaked sandstone, having 
frequent seams of gravel and large pebbles ofi white or glassy quartz, without 
seeing a trace of the harder brown beds. 

Boring Exploration in the Bampur OooZ-JVeW.—-The most impori^nt practical 
feature of the great tract of Lower* Oondwanas fringing the eastern side of the 
country treated of in this paper, is of course the occurrence of coal at several 
points. The thick carbonaceous outcrops of Korba are well known as giving 
promise of fairly good fuel, but the place is still far out of reach of probable 
railway traffio. Then, again, the Maud Valley gives very favourable exposures at 
several places, as in the bed of the Bijakharra stream already referred to, or at 
Amaldiha at the northern end: only in these cas^, also, the present inaccessibility 
of the region is against all prospect of development. 

Ai the south-eastern extremiiy of the area however, within about 40 miles of 
Sambalpur, the rather large field of Hingir, reported on so many years ago by 
Mr. Ball,* lies right in the track of the proposed Chhattisgarh railway, under 
which circumstance its development becomes as it were a necessity. I was 
deputed to examine this field during the season before last with a view to select¬ 
ing sites for boring, the results of my survey being given in the Records of 
August 1884 (Vol. XVII, p. 123). Arf Assistant Mining Engineer, Mr. T. G. 
Stewart, already favourably known through his borings in the N^bada Valley 
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and at Umaria, in South Bewah, was then placed under my guidance by the 
Central Provinoea Goverument. I had divided the rather large and somewhat 
u&approaohable area into several sections, the most &ivourable, as far as contiguity 
to the railway trace is concerned, being that on the valley of the Idllari, partly in 
Hingir and mainly in the. Bampur zemindari; and it is on this that the boring 
exploration was commenced in what is now officially designated the Bampur Coal* 
field. 

All the surface indications point to the probable occurrence of two ratiier 
thick bands of carbonaceous deposits, the lower—some 50 to 60 feet thick—^being 
weU displayed in the river near the village of Durlipali, while two outcrops of 
coal higher up the stream, about Bonjari and Kuliabahal, point to the upper; and 
as it appeared to me that the latter outcrops are more promising than tiiat of 
Durlipali, and that it would bo possible to strike their coal by bore-holes within 
a convenient distance of the proposed railway station at Hingir road, 1 determined 
to try this band first. 

The borings were selected near the villages of Giraudola and Chowdibahal on 
what I took to be—for much of the rock is covered by superficial deposits— 
either the uppermost beds of the Barakars or the lower red-clay zone of the 
Kamthis. As it turned out, all the borings, six in number, were started in the 
red-clay zone, through a greater or lesser thickness of which five of them were 
run down into the carbonaceous band beneath. Two of the holes were abandoned, 
but four were run down to depths vrrying from 225 to 287 feet. These four 
bore-holes (Nos. 1, 2a, 3, and 4) enclose a sort of triangular area of about half 
a square mile in extent: No. 1 being at the southern apex, No. 3 nearly a mile 
due west of it, and No. 2a being about half-way between the two; while No. 4 
lies more than half a mile northward of No. 1. The dip of the strata is low to 
north-westward, perhaps just here rather more to the west-north-westward; occa¬ 
sionally, indeed, it must be quite fiat, or nearly so, though it is mostly at an angle 
of from 5“ to 10®. No. 1 boro-hole was run down 225 feet right through tiio 
upper band of carbonaceous deposits, or, at any rate, a good part of it which it 
entered about 30 feet from the surface and loft at 219 feet when the chisel began 
to cut into white sandstone. Three seams of 6, 8, and 4 feet of coal, besides 
others of inferior thickness, were met with in this band; but though the 
samples brought up were favourable-looking enough, laboratoty assay proved them 
to be quite unfit for railway purposes. That taken from the 6-foot seam, at 77 
feet from surface, gave the following analysis:— 

Moistare. 

Volatile matter, exclosive of moisture . 

Fixed carbon. 

JtSh a ..... . 


lOODO 

Does not cake. t 

Ash, pale-yellowish brown. 

Another sample from the 8-foot seam, at 142 fi^t frpm surface, assayed foot 
by foot, gave the further depressing result. 
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In tlie meantime, that is, while these assays were being made, the other bore¬ 
holes were being carried out; aAd further samples from them of what appeared 
to be the same seams were discarded through showing no signs of impiovement, 
or sent down to Calcutta. Among them, the following scarcely better result was 
obtain^ from a 6-foot seam in No. 4, at 69 feet from surface, the seam indeed 
which appears to correspond to that at 77 feet i;i No. 1,174 feet in No. 2a, and 
183 feet in No. 3; in all of which and in the continuations of the other seam of 
No. 1, we failed to strike any better coal. 


No. 4, 69 feet from surface, seam 6 feat thick; foot hy foot. 
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There seems no douht whatever bat that the npper 6>foot seam is fairly con¬ 
stant in thickness, and, unfortunately, in quality also throughout the area tried. 
The ftill lower seam of 8 feet at 143 feet in Na 1 hole appears also to have 
been struck at 221 feet in No. 2a; 248 feet in No. 3, and 128 feet in No. 4; but 
it is not at all so constant in thickness or so even in constitution. The lowest 
seam in No. I is apparently represented in No. 4 by a 4-h)ot seam: there is no im¬ 
provement in quality. * 

It may seem rash to judge, from so small an area as that now bored, of the 
probable or possible condition of the lateral extension of the seams so proved; but 
considering, as I do, that some of them represent the npper outcrops on the Lillari 
river, I think I am justified in arguing concerning their condition from a really 
much larger area than that merely included within the three comers actually 
tested; and so from what they and these outcrops show, and from what I have 
seen of the rocks round the eastern skirts of the Hingir plateau, the conclusion is 
forced upon me that there is no fair ground for hope that the seams of this upper 
band of carbonaceous deposits can improve laterally or to the deep within a work¬ 
able depth (for Indian collieries) in this Lillari section at any rate. 

There still remains, however, what may be a considerable thickness of Bara- 
kars between the horizon now reached and the lower band of Durlipali, in which 
there may be workable seams; and this must now be searched. For instance, the 
horizontal interval of country between the Bonjari outcrop and that of Durlipali 
is a long one, fully 2 miles, which, if the lie. of the strata be at all regular and 
constant, would at so low an average angle as 8“ give 1,450 feet of rook. At the 
same time, from all that can be seen of the behaviour of the rocks in the neigh, 
bourhood, the indications seem to favor the conclusion that there cannot be such 
a great thickness: and that the, Durlipali band is carried under the Bonjari 
horizon at a somewhat lesser depth by an anticlinal or arched wave of the strata. 
It is possible, therefore, that an idea of the'quality of any lower seams will be us- 
cciiained by the new bore.holes at a lesser djetance south-eastward of the now 
proved tract than the interval and apparent dip would imply. 

Deccan Teaj> Series. 

I 

The coarse pale-colored upper member of the Kamthis in the Phutka hill mass 
and the high plateaus on the edge of the Sirgujah upland were pared down by 
denudation to a tolerably even surface on which the basalts of the Deccan trap 
period were subsequently laid down. Only small remnants of this basaltic covering 
now exist in the airea under consideration, and these are entirely separated by a 
long interval of crystallines from the great connected area of this formation, the 
eastern extremity of which is at Amarkantak. Mr. Ball had already mapped 
in some of the basalt cappings of the plateaus around Matringa, and I have added 
to these: he also noted the occurrence of trap dykes about Amaldiha and 
Bakhob at the head of the Mand valley. The trap cappihgs are not very thick, 
50 or 60 feet at the most, but they consilt also to a certain extent of laterito 
the true relation of which to the basalt is not <clear and must be worked out 
perhaps on the larger plateaus, such as the Main Fat immediately to the east¬ 
ward of th6‘ Matringa valley. So far as I could ascertain, the upper portions of 
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the cappings are either laterite altogether, or only partly so; a-thI from what I 
have seen of the laterite on the edge of the MandJa and Ania.r Tni.Tifai.lr plateau, 
it certainly seems to mo that the rock here is in both regions very often, if not 
altogether, a lateritizod form of weathered or decomposed basalt or other volcanic 
rocks. 

The higher portions of the Phntka range were not traversed in any detail^ 
so that I am not sure whether some of them may not be capped by basalt; but in 
the general absence of trap debris in tht^ valleys I should question whether there 
be any of much importance. At the same time I know of a few cappings which 
are apparently altogether lateritic. 

The trap dykes cutting along and up through the Gondwanas of the valleys 
and slopes are marvellous in their length and the height to which they run up 
the lofty slopes into what appears to be absolute contact with the basalt cappings. 
My observations of the junctions, owing to illness and lateness of the season, do 
not unfortunately possess that accuracy required for the complete settlement of the 
question of junction, the bearings of which on the question of tho fissure eruption 
mode of discharge of part at least of the great Deccan flows is of the greatest im. 
portance. Nevertheless, I am inclined to be almost positive that the great dyke 
striking about west-north-west—east-south-east past Lemru, in Uprora, does 
actually cut right up through tho Sumhaulata hill (over 3,000 feet) into junction 
with its basaltic cap. Again, in tho Stump hill of the same grpup, tho capping 
trap certainly appears to be in junction with a great buttress of similar rock stand¬ 
ing out in clear relief from the lofty sandstone scarp on the eastern face, the 
buttress being also apparently continuous with a run of trap outcrops on the spur 
leading down to the Amaldiha dykes. * 


Report on the Bengal Earthquake of July 1885, by C. S. Middlemiss, B.A., 

Geologiaal Survey of India. 

A preliminaiy account of this earthquake, by Mr. H. B. Medlicott, Direc- 
tor of tho Geological Survey, has already appeared in tho 
In uotory. preceding number of the Becords, briefly setting forth 
what inferences could be drawn concerning it from such information as was then 
at hand. Since then, from data personally gathered on the spot in the region 
of greatest violence, and from all available newspaper reports, I am able to put 
the following facts and deductions on record. 

Taking its rise in Bengal, this earthquake of ^e 14th July was felt with vio¬ 
lence throughout that province. It exteaded westwards 
Extent of shock. Chota Nagpur and Behar, northwards into Sikhim 

and Bhutan, and eastwards into Assam, Manipur and Burmah. The area over 
which it was sensibly felt may be roughly,laid down as 230,400 square miles. 
An irregpilar ellipse drawn through Daltongunge (in Palamow), Durbhanga (in 
Behar), Darjeeling, Sibsagar, Manipv and Chittagong will give the external 
boundary of that area. Within this, again, another irregular figure may be drawn 
through Calcutta, Sitarampur, Monghir, Pumeah, Siligori, the Garo hills, 
Chattack and Barisal, which will enclose an area over which the sfiook was felt 
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vrith such Considerable violence as to shake loose objects, rattle* windows, actd 
produce small crac^ in double>storied houses. Finally, we have another figure 
within this bounded by Rampur, Bogra, Sherpur (Maimensing District), 'hfai« 
mensing, Dacca and Pubna, where destruction to buildings is greatest and lose 
of life has occurred. 

I shall now proceed to describe the results of an examination of the last*men-. 
tioued district, where it wanj hoped that some reliable data would be obtained, 
judging by the accounts of fallen chiiqiioya, and fissured houses which had ap¬ 
peared in the newspapers. ' 

It is of course unnecessary for the purposes of a scientific journal to enter iu- 

Treatincnt of subject. ^ lengthy accounts of damage to property and demolished 

towns^ however great and terrible that loss may ho ; con¬ 
sequently it will readily bo* understood that such objects as are mentioned below 
are not chosen because of thoir size or magnificence, or because of the lakhs of 
rupees represented in their ruins, but, solel;y because either from their form, posi¬ 
tion, or from some other accidental circutmjtance,''they best illustrate those points 
in connection with the earthquake which are of tho greatest use to the scientific 
investigator. 

In an examination of a country devastated by an earthquake, there is sure to 
be a great deal of evidence which at first sight appears to bo contradictory, partly 
because of complications iu the structure of the objects from which such evidence 
is taken, and partly because of the reflc.',tions and refractions of the earth wave, 
which hinder in some degree the search after tho true centre of disturbance. 
And on the other hand, certain classes of objects, such as chimney-stalks, towers, 
temples, and tombs, by thoir form and isolation, are evidently much better suited for 
observation than complicated doable-storied houses with verandahs and innumer¬ 
able doorways, windows’ and arches. For this reason, I shall divide the series of 
examples of the effects of the eartliquakc into two groups; the first of which will 
comprise all tho more trustwortliy cases, and«tho second those of a more doubtful 
value, together with certain exceptional phenomeiia. 


{1).—Examples of first importance. 

On arriving at Serajganj, I found it to be one of the towns which have suf- 
Chimney-stalks of the fe**red very severely from the earthquake.' It may not be 
Scrnjganj Jute Com- out of place, for tho benefit of foreign readers, to briefly state 

that tho native town and the European houses in Eastern 
Bengal are both built on two entirely distinct plans, and with entirely different 
materials. One style of house is single-storied, erected by driving roughly-shaped 
tree tranks or wooden posts into the ground, filling in the interspaces with split- 
bamboo mats, and throwing ,a highly-pitched thatch roof on to bamboo rafters; 
the whole of the latter being held in position by means of ropes and thongs at¬ 
tached to the main posts. These bamboo grass houses are well calculated to stand 
the stresses due to an earthquake ahock oh account of their ready pliability. The 
other kind of house, though differing architecturally accordiug as it is of native 
or European design, agrees in having brick walls, frequently raised to two, and 
sometimes Vb three, stor covered with plaster or stucco, and usually bearing a 
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bua \7 solid flat roof of brick and cement snrrounded by a parapet. Thes^ houses 
have all been badly rent, sometimes beyond repair, or evon mined. There is also 
occasionally a kind of houso wbioh partakes of both the above described styles, 
having brick walls and a thatch roof, and there are, in addition, many huts of dry 
mud and thatch belonging to the poorer natives. Both these kinds have suffered 
very much,'for the fomer, whilst possessing all the defects of unpliable walls, has 
none of the ad’vantagcs of a strong flat roof to tie them together, and the latter 
of course readily era<!ks and crumbles on,account of its material lacking coherency. 

Most of the Fiuropeans at Serajganj, which is a Very small station, had left 
their solid-built dwellings, and were living in bamboo houses and offices. The 
former were too much split to allow of remaining in them with safety, especially 
as repetitions of small shocks daily indicated that the disturbing forces at work 
below were not yet in a state of complete equilibfiiim. I shall return to the 
house cracks later on, at present dealing only with the chimneys. 

The two chimneys of the jute works (see figuwj 1, which is reduced from the 
original plans, kindly lent me Mr. Allistcr Mardonell, the owner of the mill), 
were both broken by the earthquake. The heights of the mill and factory chim¬ 
neys were 1.35 feet and 95 feet respectively; and 40 feet from the summit of the 
larger and 11 feet from the smaller were shot away. 

Mr. Robertson, the manager, was fortunately an eye-witness from a position 


Mr. Robertson’s account. 


lietwcen the chimneys at the time of the earthquake, and 
h(' fusserts that there seemed to bo a sudden thrust from 


below, by which the upper paid; of the south, chimney was first shattered, and 
jerked off; and for some time a shower of bricks and mortar continued to fall all 
round the base, A moment after the large chimney bad gone,^he factory chim¬ 
ney to the north was affected in exactly the same way; its npper part being 
jerked off into the air, and a shower of bricks subsequently descending 
from the broken edges. If these impl^*s.sions are to be relied on, two points 
of importance come out, (1) that‘the earthquake wave with a steep angle of 
emergence shot away the upper parts of the chimneys by its first and second 
semiphases combined, but was unable to overturn them as wholes, because of 
•their flexibility, which would considerably relieve the strain, and because of 
their breaking above, which would furtbor ease them; and (2) if the south 
chimney was the first to fall—and there seems no reason why a very slight 
difference in the order of breaking should not have been appreciable by the 
eye—then it is clear that the shock must have come from some point generally 
speaking towards the south: it is in fact easy to (^monstrate that the difference 
in time of the arrivals of the shock at the two chimneys would have been appre* 
ciable. For'the chimneys are .338 feet apart, lying very nearly north and south: 
now Mallet gives 825 feet per second as the rate at which a wave of elastic com. 
pression travels through sand, and though the soil at Serajgnnj is clay and satod 
combined, it would certamly not be a much higher rate than this. Hence about 
■^ths of a second would have been consumed imtravelling between the chinmeys, a 
period of time well above what'can ho detected by the eye. In reality, howeve»i 
some small reduction on this value must bo made on account of the proba^ 
.direction of the shock being something east or west of south, a coalition whh^h 
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would hare diminished the time occupied by the ware in trayeiling between the 
chimneys. 

I now come to my own obserrations of the ruins. The large chimney, the 
„ , . only one which had been in use for some time, I found had 

^ been hastily repaired by knocking away the loose bncks 

at the top and putting on a temporary coping. The old factory chimney had 
been loft untouched'while this work was going on, and^I could examine every¬ 
thing in the state just as it was immediately after the earthquake. The broken 
surface I found was exceedingly jagged and irregular, with its highest part 
towards the north-west, a feature agreeing in every way with the statement 
of Mr. Robertson, that the edges, during the secondary vibrations, crumbled away, 
and not by any means presenting the appearance of a clean cut fracture. From 
photographs of the large chimney, I was able to see that its original state befoi’o 
the repairs was very much the same as that of the small chimney. On the other 
hand, at about middle height of the chimney, there was a very distinct crack, 
showing on the cast-north-east and north-north-east faces of the fjuitory chimney 
which is an octagon in section. Tho crack was such that, roughly speaking, it 
might have been made by a plane of fissuring, which for convenience, and in con¬ 
formity with geological nomenclature, we may speak of as “ dipping ” towards tho 
north-west. The same was observable in the mill chimney. Tho angle of dij> 
would be steep, perhaps GO®, but owing to the preat height of the chimneys, a 
reliable observation could not be made. An examination of the debris around tho 
base of the factory chimney brought out many points of interest, and corroborat¬ 
ed the account of Mr. Robertson. I found the ground so covered was elliptical 
in shape (see fig. 2), with its long axis running north-40*.west and south-40*-ea8t; 
but whilst in the former direotion*the fragments extended 29 feet from tho base, 
in the latter they only extended 25 feet,, showing that the mass of the material 
had gone over towards the north-west. And besides, there was a very conspicu¬ 
ous difference in the nature of the fragments OU either side. Towards the north¬ 
west, the broken parts of the cliimney were to some extent cohei-ent in them¬ 
selves, being made up of groups of 20, 30, or 40 bricks still showing traces of tho 
shape of the walls; but in the opposite direction nothing but individual bricks, 
and fragments of bricks could bo found. Again, towards the north-west, some 
2 or 3 feet from the outt*rmost edge of the debris, wc came upon tho broken 
remains of the iron coping. Thus we have very clear evidence fromi tbe ruins, 
that the mass of the broken part of the chimney, together with tho iron coping, 
fell in the direction nortb.40®-west, whilst only bricks and mortar, loose or broken, 
fell towards tbe soutb-40®-east. The mill chimney, though not so adapted for 
observations on account of the debris having been cleared away, * nevertheless 
gave some information from tbe circumstance that in falling, tho broken pai’t had 
oraished through the workshop roof and parapet. As in the preceding case the 
area of the'debris, or marks of the debris, was elliptical, but with the long axis 
ruiming in this case nearer north-north-west and south-south-east, though these 
directioDS were not got so satisfactorily as in tho case of the factory chimney, 
l^re, too, the broken roof showed that the fall bad been much greater towards 
the north-north-west; for up to a distance of 32 feet from the chimney the roof 



204 


Records of the Geological Survey of India, [vot. XVnif 


was broken-in in that direction, whilst in the opposite one the bricks were only 
scattered on the ground'! 7 feet from the base of the chimney. The iron coping 
in like manner was found towards the north-north-west, in a position pointed out to 
me by the manager, where it had penetrated through the roof into the workshop. 

Now putting these colligated facts together with the statement of Mr. Robert- 
Dcduction from them draw the safe conclusion that the 

shock came from the direction south-east or south-south¬ 
east, and shot the bulk of the broken ppi't of the chimneys over towards the 
north-west or north-north-west. 


The cracked condition of these form the next piece of evidence which T place' 
among those of first importance. They are small Hindu 
shrines to the god Siva, otitagonal in shape, the height 
being usually two or throe times the diameter; and either 
entirely isolated, as the one shown in fig. 3, or with sometimes a porch on one 
side. In every way they were good subjects for observing the direction of the 
cracks, for their solidity and symmetiy prevented the fissures from being in¬ 
fluenced by any pre-disposing lines of weakness. The diagram, fig. 3, shows the 
general appearance of a couple of cracks in one of these temples. They were 
exceedingly well-cut fissures, and discernible at a good distance. The dip of the 
Assuring plane was 45° north-west. In two more examples of temples of the same 
build and size, except that a porch was attached to one, 1 found fissure {dunes 
respectively dip{>ing west-north*-wcst at 65* and 60°. Attaching a little more 
value to the evidence of the first temple, inasmuch as it was more decidedly rent 
than the others, we may take as relative means noriii-60°-wc8t forthe direction, 
and 60° for the angle. From these we get south-50°-east as the direction from 
which the earthquake shock came, and 40° at the angle of emergence at that 
place. Besidas the temples, there were some good examples of house corners shot 
away, generally in a north-west direction, the fissure phine making an angle of 55° 
with the horizon in some places; but as a rule among the 100 destroyed houses 
at Sherpur, the collapse was so com])lete, owing in a great measure to the bUild-' 
iugs being old, that neither directions nor angles could be obtained. Since 
Sherpur lies to the north-west of Serajganj, wo may take it that the observa¬ 
tions there corroborate the truth of the conclusions drawn from the jute works’ 
chimneys, whilst in addition w'e get a rough cslimatc of the angle of emergence 
for the alluvial soil of Sherpur; though this, it must be remembered, will 
probably bo steeper than the real angle owing to refraction in passing from the 
highly elastic solid rock to a clay sti-atum of very low elasticity. 

Hearing, when at Mnimeusing, that a tomb lih% fallen in the -Tamalpur cemo- 


% 

Toub, Jaimipar. 


tery, a report considerably qualified by the fact that an 
order had been issued for it to be cleared away, I hasten¬ 


ed to that place, and fortunately arrived before the order had been carried 
out. It was a small cemetery, containing some ordinary graves, and this one 
large tomb, erected in 1837 to Anne,,thh wife of Major Cox of the 58th N.I. The 


erection consisted of the tomb proper, a rectangular raised sarcophagus, surround¬ 


ed by eight pillars in a circle, and covered by a hemispheroidal dome, or cano|)y. 
The whole was built of brick and stucco, and represents a common form tomb 
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in Eastern Bengal cemeteries (see fig. 5). The appearance, when I saw it, was as 
shown in fig. 6 ; the pillars had all fallen in one direction, and split up into variotis 
lengths; whilst the great heavy canopy had fallen towards the south- 10*«east, 
and coining into violent collision with the low wall of the cemetery, had split into 
several pieces, some of which fell into the road beyond, and the rest lay, partiy 
on the foundation base, and partly on the ground between it and the wall. The 
tomb itself was uninjured, except at the upper corners, doubtless by the canopy 
just grazing ^ it as it fell. A glance at the elevation, and the overthrown 
state, will at once illustrate the manner of its fall. The weight of the massive 
canopy, and the slenderness of the pillars, make it clear that the inertia of the 
upper part of the mass was sufficient at the time of the earthquake to prevent it 
moving along with the pillars, and consequently the tomb fell in the direction 
from which the shuck came. ^ 

The following are the dimensions of the parts and adjuncts of the tomb, 
gathered from the,ruins themselves:— 

Base, 12 feet 10 inches square; 9 inches thick. One side faces north-3'’-cast. 
Tomb proper, length from cast to west 4 feet 41 inches; breadth 3 feet 4^ 
inches; height from base G feet. 

Pillars (8), 6 feet 10 inches high ; 1 foot 8 inches in diameter. 

Stone capital on each pillar, 2 inches thick. 

Circle of pillars, diameter of outer edge 11 feet 4 inches, equal to diameter of 
canopy. 

Height of heraisplieroidal canopy 5 feet 8 inches; thickness 1 foot 7 inches. 

I sliall discuss the figures later on in their bearings on the velocity of the 
wave particle, tdgether with the data afforded by the chimneys at Serajganj, at 
present merely drawing attentiozt to the fact that the line of the shock, north-10“- 
west and south-10®-east, when laid down^on the map, is seen to cut the line from 
Serajganj at a point between Dhamra and Atia, on the south-west side of the 
Madhapur jungle. This gives us approximately the position of the seismic vortical. 

'This example is put with those of first importance, because the nature of the 
coustruction was such as to favour overthrow by reason 
garcMa*^**^*'^^***^'^^*'*" “fits inertia; and notwithstanding the fact that the con¬ 
clusions which may be drawn from it contmdiut, in somo 
degree, those previously arrived at. The arcJi is a brick and stucco arrangement, 
and, as will bo seen from the diagram (fig. 7), very problematical in its uses, since 
it supports nothing whatever. There -is a duplicate one somo 30 or 40 yards 
away, and both open into a garden belonging to a local zemindar. As both have 
been affected similar!; a description of one will be sufficient. The gateway faces 
BOuth-13°-east, and when I saw it the arch had been cut clean off dn a level with 
the top of the gate-spikes. The fragments wore piled in a heap on one side, 
but from the freshly patched indents on the cement pathway, and from the broken 
spikes, it was evident that the falling arch was not displaced horizontally to any 
great extent in a direction at right angles to the gate; but that, probably snap¬ 
ping into two or more fragments, it dropped nearly vertically down on to the gate 
spikes, but with sufficient leaning towards the south side to tuim all the fragments 
in that direction. The indents however were not situated midway between 
g^te posts, but more towards the east than west, showing that the shock was not 
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Temple, Maimonsiug. 


orthogonal to the plane of the arch. From the g^te facing south-lS^-east, and the 
obliquity of projection of the fragments, we must look for the destroying force in. 
a south-east direction. But Mnktigarchia stands nearly north-north-east of the 
seismic vertical already obtained on the best evidence; and the only way for the 
apparent conti’adiction to be reconciled is either by the assumption of another 
minor centre of disturbance south-east of Muktigarchia, or of a reflected wave. 

This was one of a kind similoi- to those mentioned at Sherpur, but slightly 
more lofty, i.e., a !^inda shrine to Siva, octagonal in form 
and with a conical apex. A fine, but perfectly distinct 
crack, was discovered cleaving through the lower stoxy. Viewed from the inside 
where it was seen better, the highe.st point of the crack was seen to bo at the 
south-south-west angle. Hence the Assuring plane would dip towards the north- 
north-east. The angle wasjow, about 35“. This gives a direction for the shock 
south*aouth-west, and a very high angfle of emergence. The direction, when laid 
down on the map, is seen to cut the point already obtained as the seismic vertical. 
It should be mefltioned, however, that heavy brass water-vessel, threaded on an 
iron rod, which forms an ornament for the summit of the conical roof, was bent 
over towaitls the south-east at an angle of about 60" with the hoi’isson. It was 
prevented from falling by a heavy chain attached to it, and which hung down 
from the roof in the interior of the temple. I was unable to learn whether the 
ornament was free to turn on its base, as on a pivot, or not, and so the value of 
the direction here indicated is los8*cned by the doubt that it might have had a 
rotatory motion given to it, and eventually have settled into its present position 
quite irr(ispective of the direction of the shock. 

This brings to a conclusion my examples of tho first oixief of importance. 
Those of secondary importance, and some few exaeptional phenomena, will be now 
described. 

(J7 ).—Examples of secondary iwpoihinc^. 

The mill being a rectangular building, with one wall facing externally 
towards the south-68°-ea8t, it will readily be seen that 
the direction of tho earthquake shock, as obtained from 
the chimneys, was very nearly diagonal with regard to 
the four main walls of the building. It is probably due to this circum¬ 
stance, and to the fact that iron tie-rods are used throughout to bind the walls 
together, that comparatively little damage has been done ; though it should not 
be overlooked that a mill, with tho jar of machinery constantly throwing every 
wall into a state of tremor, would be much more likely to stand an earthquake 
tremor than any other building that was, so to speakj^not so accustomed to vibra¬ 
tions of its parts. Such damage as has been done is just in the position we should 
expect. From the circumstance that the shock was diagonal to the main walls, 
we may imagine it resolved into two*equal component shocks, each at right-angles 
to one set of parallel walls, and each doing about the same amount of damage. 
But whereas the east-south-east and sohth-south-west walls ^ are those which 
would tend to be driven inwards by the shock, and would be supported by the 
neighbouring walls "to a large extent, the north-north-east and west-north-wesb 
walls being respectively driven outwards by the shock, and having Ao wfdls iil 
* N.B. —East-Boutli-eHBt vail means a wall facing east-south-east. 


Wall cracks, Sernjganj 
Jute Works. 
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that direction to anpport them, it is more than prolmble that they would be the 
ones to crack. An examination of the building shows that this has been the case. 
The north-north-east, wall, between the mill and the factoiy, but quite unconnected 
with the latter, and so unsupported by it, has a line of crack near its junction With 
the roof running the whole length of the building ; whilst on the west-north west 
side of the mill, the wall between it and the * softening-rodm ’ is also cracked for 
about half its length. Another parallel wall, east-south-east of the ‘ baling-house,' 
in connection with the mill, has similarly started a crack, which, dipping at an angle 
of 50% penetrates the line of arches running down the centre of the said room, and 
this is crossed by another, parallel in strike, but dipping at right angles to it. 

I take this as another example of wall cracks, partly because it is the largest 
house in the station, and has been* the most decisively 
cracked; and partly because,^nlike the mill, it lay with 
its walls fronting, or at right-angles to the direction of the 
shock, and well exemplifies, both in the direction and magnitude of the cracks, how 
much more severely a house thus lying is shattered, than-one lying diagonal to the 
shock. There is no impediment in this case to the house freely rocking to the 
shock, but the momentum thus accumulated becomes fraught with great danger 
on account of the unpliability (practically speaking) of the walls in such struc¬ 
tures. The house is a double-storied one, in the Calcutta style, with a lower and 
upper verandah facing south-52®-ea8t. As in all cases of doiible-storied houses, 
the upper part has been the most d-imaged; for .such rents as go completely 
through the house from top to bottom, are wider above than below, and there are 
many others which only penetrate through the upper story, and then die away. 
The main cracks* are best seen in plan on the flat roof for this very reason; and I 
may hero-state that every hou8e»whioh I subsequently saw of this type, and which 
lay at right-angles to the shock, or very nearly so, has four types of cracks as seen 
on the roof. Them is first of all the verandah crack, dividing the verandah from 
the house, and usually tho’worst, inasmuch as it takes its origin along a very con¬ 
spicuous line of weakness. On the opposite side there is usually the portico crack, 
in a similar way starting along a line of weakness. Thirdly, there is the main 
crack, near the centre of the house (see diagram, fig. 8), usually the most reliable, 
cutting like a knife through parapet, pillar and roof, and rending the house from 
top to bottom. Lastly, there are some few corner cracks at right-angles to this. 
Such are the cracks in Mr. Macdonell’s house. When their projections are traced 
on the vertical side-walls, all but the verandah crack are seen to dip about 60“ north- 
52“-west in their upper parts, but lower down they usually wander more irregular¬ 
ly along windows and doorways, finally branching in various directions at a very 
low level where the momentum of the moving walls would have biAjn less. 

A tower, about 24 feet high, built above the stables, was also cracked in the 
same direction, the angle being about 55°. 

Of other houses in the station, mention may be made of the Joint Magistrate’s, 
which lay even more in the direct lino of the shook than 
Joint Magistrate a house, previous one, the verandah facing Bouth-40“-east. It 

was a single-storied house with brick and plaster walls, but with a thatch roof. 
It had accordingly suffered very severely, the main crack and verandah crack 
dipping north-40°-weat with an angle of about 70.“ 
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MiUmensing jail. 


A single-storied house with flat solid roof and solid walls showed as many as 

,, 11 . . V three main cracks, and a verandah crack in plan on the 

Mr. Moliison A house. • . * 

roof, and several minor ones. The house was north and 

south; and the cracks dipped slightly west of north. They were vertically inclined 

near the verandah, bat in the other direction gradually assumed an angle of 60 

or 70." 

Several native gentlemen’s houses were also shattered, but with one exception 
Otl h uses gave no fresh data^ This exception, which is rather an old 

° ’ house, is double-storied, and faces south-13“-we8t. The 

shock came diagonally upon it, and shot away one comer by a plane of Assuring, 
dipping north-32®-west in an irregular manner. 

At Subornkholi .and Muktigarchia, though some houses -were cracked, and a 
small chimney stalk rent n|j^r the summit, there was nothing which afforded safe 
evidence. In like manner an inspection of the Rajah’s palace at Muktigarchia, 
which has suffered tenibly by the earthquake, on account of its peculiar construc¬ 
tion, was equally barren in results. ^ 

At Maimensing there were some bettor results. The jail has-its enclosure 
wall facing north-north-east cracked for a long distance 
noar«the lx)ttom; and at the corner where it joins the east- 
south-east wall it has parted from it outwards, leaving a gap of an inch or so 
wide. The south-soiith-west wall near the entrance gates is also cracked more or 
less horizontally for some distance. But neither of the two walls at right-angles 
to these have been cracked, save one for a short distance. This is what should 
happen with the shock coming from the south-south-west, the direction of the 
seismic vertical. Many of the buildings within the enclosure art nearly new, and 
such ci^ks as they show would favour a shook ]^om either of the opposite direc¬ 
tions. One older building, however, hsjs a crack at its north-north-oast end of very 
serious size, dipping nearly vertically. I’his hotter agre.-s with the evidence of the 
enclosure walls. i 

The dispensary on its south-east and north-west end walls showed a set of in¬ 
tricate fissures, crossing one another at right-angles,.and 
Dispensary. such as could have been produced by a fissuriug plane 

dipping either north-east or south-west at 45.® Those in the former direction 
were the most conspicuous, inasmuch as they started originally fmm the summit 
or Bides of tlie walls, whilst the others started from some point on them. 

A mosque (see fig. 9), near the dispensary, is interesting because it has had its 
north-north-east corner walls shot away, evidently by a 
Mosque. shock coming from the soutti-soath-west, which has also 

rent the nortR wall in three places, and one of the domes. There is also an ap¬ 
proximately horizontal crack in the west wall at about half its height. 

A house belonging to the Rajah Saruja Kantn Acharji was fortunately placed, 
and received the full effects of the shock. It was rcctan-- 
House. gular, and lay with its ends facing east-south-east end 

west-north-west, very nearly. These end walls were also fortunate in not being 
too much pierced by windows and doorways. They revealed crocks produced 
planes of fissure dipping north-north-east 50" and south-south-west* 40" wHl^ 
croased one another at right-angles. If anything, the pianos dipping south-soutli- 
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west were slightly the more pronounced, of the two. This house, and the dis¬ 
pensary already mentioned, were both good examples of the effects of an earth¬ 
quake wave rising upon a building exactly at right-angles to its patli. 

This is the only other building which loft any legible record. It is in an un- 

finished state of building, but beyond some few small cracks 
The new Kachalin. ... , , , mi 

no permanent injury has been done. There seems no 

doubt that this leniency is mainly to be put down to the newness of the mortar, and 

the consequent pliancy of the walls. The cornice running along the top of the 

walls has however fallen at several poinls, because it needed the binding effects of a 

roof to keep it in place. The fall has only taken place from such walls as faced 

north-22“-west, or 80 uth- 22 °-east, and slightly round corners on the east-north-oast 

walls. The largest piece has gone from the north-north-east comer. As the building 

lies with its long axis east-north-east and west-south-west, no doubt there would bo 

more tendency in the walls to rock at right angles to that lino than with it; but, as 

the shock came diagonal to the building, some small resolved part of it must be 

allowed to set the end walls in a tremor, though not so violently on account of their 

relative shortness. The results show that the more conspicuous .shaking was 

imparted to the long walls facing north-north-west and south-south-east, and a 

smaller shaking to the shorter ones at right angles to these; whilst the far larger 

piece of the cornice tumbled from the north-north-cast comer shows that that was 

the point the least supported, as would be the otiso with the shook from the assigned 

south-south-west direction. It may a''so be notuU that the small cracks in the 

arches of the lower story are also at this corner of the building. 

At Dacca I got very little evidence of the earthquake, though from all accounts 

Dacca ^ shaking hero was vei-y severe. The police reported a 

temple fallen at Barisur on the opposite side of the river, 

but on visiting the place I found only the blackened ruins of one which had 

collapsed from decay some years ago. Pig. 10 represents a house on the river 

bank that has had the stucco mouldings shot a\«ray on its south side and south-east 

corner. The south-west corner also showed two cracks dipping south-east roughly. 

Several other houses also showed the same thing, both cornices and plaster 

falling towards the south or south-east, and never towards the north. A careful 

scrutiny in the cemetery was unrewai’ded by any fall grcator than bits of brick and 

plaster, and an earthenware vessel from the summit of a tomb. The vessel, 

originally threaded on an iron spike, had broken, and only half of it fallen to the 

ground, and was, in consequence, of doubtful value as evidence. It fell toward.^ 

the south-south-east, which was also the general direction of the plaster chips. 

Thus there was just sufficicut evidence hero to bear out all previous conclusions with 

regard to the position of the seismic vertical, but nothing to corrolmrato it. On 

the whole, the damage done in Dacca is disproportionately snaall compared with 

other places equally near the centre of disturbance. The reason .for this I shall 

consider later on. 


{III).—Exceptional phenomena, 

» 

Earth fissures opened at Sorajganj, Subornkholi, and Jamalpur, and some few 
other places. In every ciise that I examined they had 
taken place either by the biinks of a river, or clovaiod road 


Earth ftesures. 
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Well*. 


way, or the sloping sides of a tank. In ono case at Snbomkholi, near Mr. Webster’s 
jute mills there were some irregnlar cracks, opened apparently on the flat, thongh 
not many yards from somo water. They were fringed all round the margins ly 
fine sand, which bore testimony to tho statement made by Mr. Webster that water 
oozed up through these cracks carrying the sand with it, and sometimes even 
spurted up into, tho air some few feet. When at Jamalpur, I received from the 
Deputy Magistrate some pieces of lignite which had been similarly thrown up 
through Assures along with sand and writer at Shcrpnr (Moimensing district). 
There is no reason to imagine that these Assures differ in origin from those so well 
described and explained by Mr. R. D. Oldham, in his discussion of the Cachar 
earthquake of 1869, published in Yol. XIX of tho Memoirs of tho Geological 
Survey of India, and to which I refer tho reader. ,It is there shown that during 
the passage of an earth wave, contiguous vertical zones are moving respectively 
forwards and backwards at tho same moment, but that on level ground tho cohe¬ 
sion and inertia of the motionless masses of clay in front and behind are sufilcicnt 
to prevent rupture. On the other hand, w'hcn a bank is approached, the particles 
of clay moving forward have no inert clay mass in front to stop them and take on 
their motion, and consequently those particles break away from the zone of back¬ 
ward driving particles and a Assure is formed. 

In three cases wells were curiously affected by reason of the same causes. At 
Serajgan^ a well pipe, 13 feet 7 inches long and 1^ inches in 
bore, was Ailed throughout with sand tightly jammed 
into it. I was told that, at the time of the earthquake, water rose in tho well, and 
that since then tho bottom of tho well had broken through into the underground 
vacancy made by the ejection of the sand. At Sabomkholi I'saw a well which 
had had its tiled casing, about 1^ feet in diameter,’ moved towards tlie north-west, so 
that, looking down through the brick mouth of tho well, it was seen to be entirely 
on one side instead of in tho centre. I also heard of another well in the neigh¬ 
bourhood out of which a brass vessel had been hurled some distance. 

The water of a tank close by the jute company’s works, Serajganj, was thus 
affected, according to au account of tho manager. Tho 
Tank, Semjgauj. long axis of the tank lay north-20‘’>eaBt, and the water 
seemed to run cast and west from the sides, gathering up in the centre, and then 
to spread out again to the sides. 

Somo brick stacks in a brick yard at Maimensing were partially overthrown. 

They all stood 3 feet 9 inches in height: and the north- 
Brick stacks “ o * 

north-east corners were the ones shot way. The outer¬ 
most bricks fell at a distance 4 feet 9 inches frohi the outer edge of the stack, 
a distance ol)tainod by taking the mean of eight different measurements. 

{IV).—Disewsion of data. 

If we take a mean of the directions of the fallen chimneys at Serajganj, 
also the dii'cctioii of the tomb at Jamalpur, and that drawn 
depth^'fociM^**** ^ cracks at Maimensing, wo have to place the 

seismic vertical as emerging on an area 3| miles in dia¬ 
meter with its centre 37 miles 80uth-37*-east (true) from Serajganj, v>r 90* 6' 30* 
East Long., and 23* 59' 20* North Lat. But there is still another method of 
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procedure open to us. If we take some three towns on the map where the des¬ 
truction to buildings is markedly greater than elsewhere, and describe a circle 
through them, the centre of that circle will be the position of the seismic vertical. 
Now there is no doubt that Sherpur (Maimensing district), Bogra and Nattore* 
are three such places, as reference to the telegrams and letters published in the" 
Englishman between the 15th and 25th July will show. These jbhree places are 
all about equidistant from the assigned position of the seismic vertical near Atia, 
and thus the position of this point is made doubly certain. In discussing the 
depth of the focus we have also a doable method, the first method being to take 
the angles of emergence as deduced from the fissures, and apply the formula— 

DbC tan E, 

where D=:dopth of focus, Csdistanco from seismic vertical, and E=angle of 
emergence. 

At Shei'pur (Bogra district), Csrfil miles, and E=40‘*, 

D «= 61x tnn^40®, 

that is, D -= 61'18510 miles, or about 61 miles. 


At Maimensing wo had 40° and 45° as the angles of emergence, taken from the 
cracks in the Dispensary, and one of the houses belonging to the Rajali. Now, taking 
42^° as the mean angle, since Maimensing is 55 miles from the seismic ver¬ 
tical wo have— 

D ■= F5xtan42P, 

that is, D = bO'39815 miles, or about 50 miles. 

In the second method, the depth equals the diagonal of the square described on 
a radius of the circle passing through three or moz’e points where the destruction 
to buildings is greatest. So th^t, taking the radius of the circle described about 
the towns Nattore, Bogra, and Sherpur (Maimensing district) as 74 miles, w* 
have— 


D — 2 X 74®, = 104 njiles nearly. 

The second method thus gives a far greater depth for the focus than the first. 
But both arc far higher values than are usually assigned to an earthquake focus. 
This may bo partly accounted for by the fact that, in its passage from the lower 
solid strata into the upper alluvial soil of Bengal, tho earthquake wave must have 
boon refracted; and so the emergence angle would appear too steep.. 

On tho whole, owing to reasons which will be given below, when treating of 
the arc of violence, we may place more reliance on tho former than on the latter 
method in this particular case. So, if wo take tho mean depth of tho two first 
calculations, and subtract ton per cent, for refraction (an orbitmry amount), wo 
have about 45 miles as the depth of tho centre of disturbance. » 

In considering those points on the earth’s surface whore the greatest damage 


The arc of violence. 


has been done to buildings, which points, as before men¬ 
tioned, can be included in a circle with the seismic vertical 


for centre, wo are at once struck by tho fadt that it is not at every point alike of this 
circle that great disturbance has occurred, but only at certain of them forming an 
arc of about 90® having Maimensing at one extremity and Nattore at the other. 
This arc o^ violence is indeed wonderfully contrasted with the rest of the circle; 
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for if we take into consideration a large station like Dacca, which is not quite so 
far from the seismic vertical as Serajganj, we find the destruction caused there in 
no way comparable to that at that place. At Fnbna also no very great damage 
has been done, whilst from Faridpur and Kumila (Comillah) there have been 
absolutely no reports nor telegrams in the newspapers. To understand the reason 
for tliis a geological map must be consulted: it will then be seen that, whilst 
places on the southern arc of the circle of greatest possible dostructibility have no 
outcrop of metamorphic rock nearer than 200 or 300 miles, all those places situated 
on the actual arc of violence are within 75 miles of solid rock, namely, the meta- 
raorphicB of the Garo hills, or the Bajmahal trap; some places being even as 
little as 37 miles from the Garo bills. In other words the great plain of Bengal, 
though 325 miles broad between Chittagong and Balasore, narrows in a northerly 
dirtiction between Baimahal and the Garo hills to 135 miles. Now from the fact 
that the latter places are whore the two masses of metamorphic rocks of Chota 
Nagpur and Assam respectively most nearly approach one another, wo may infer 
that a lino joining them would cross that part in Bengal where the depth of alluvial 
soil is less, and where the raotamorphics come more nearly to the surface than at 
any place further south. Wo thus see that the arc of violence is situated near 
where this shallowing of the alluvial soil takes place ; and we at once recognise 
that the latter is the cause of the former. 

In support of this, and also, the better to enlarge on my meaning, I \vt11 take 
the liberty of quoting from Mr. Mallet’s report on “ Earthquake phenomena ” in the 
Report of the British Association for 1850, when speaking of the great Calabrian 
earthquake. He says;— 

** Tho centre of effort in this earthquake was under the great plain, and probably about under 
where once stood the village of Oppido, but at an unknown depth. The observations mode amount 
to no more than this; that tho sliocks did less mischief to structures on tho granite or slate rocks 
of the hills, than they did to those on tho plain of clay, &c.; th;it the destructive effects of tho 
shocks were very great along the line of, junction of these, at the bases of the hills (from which 
some philosophers of that timo concluded that tho earthquake came from the mountains), and that 
along this line, shocks in close succession were felt, not only iiurizuntally and vertically, but also in 
opposite directions. 

** Now we may a priori account for these facts, on the principle that the velocity of the shock 
or earth wave depending on the density and modulus of elasticity of tho formation through which 
it passes, and its velocity being greatest in those whose elasticity is highest, while its range of 
motion is most limited in the same ; therefore the shock here was of less velocity in the plaiti than 
in the rocky hills ; bnt had in the former a longer r.ingc of oseillntion, and hence did most mischief 
in the plain. Along the lino or plane of junction of tw'o formations of different elasticities, &c., 
the earth wave will change its course and also its velocity (like light in passing from one medium 
to another), and here the wave will bo divided, part of it >rill be refracted, and part reflected (or 
total reflections may take place if the angle of incidence bo suitable to the plane of junction); and 
the latter portion of the wave will in such case double back iiimn itself, and give rise to a shock in 
the opposite direction to the first one. JLlence, along such a line of junction, tho destructive effects 
will be very great.” 

Tho case we are considering, thouglj not quite agreeing with tho one quoted, 
differs only in degree; such difference as there is depending on tho fact that the 
centre in our case was too far away from tho hills for tho circle of greatest des- 
trnctibility to cut at any point the lino of junction between the qjetamorphic 
hills and tho plains of clay. Still, tho fact that the destruction is accentuated along 
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(the arc of violence, t.e., the arc nearest the hills, shows that reflected waves from 
the quickly transmitting rocky basin mnst have started ont back from the hills 
before the slowly travelling wave in the clay reached them; and those reflected 
waves, though not strong enough of themselves to produce destruction on the 
actual line of junction of the plains and hills, must have had some considerable 
power in augmenting the effects of the direct waves when the t»vo sets met, and 
oven for some time before and after meeting, since many objects caught still vi¬ 
brating from either shock would be mere easily overturned by the succeeding ono. 

And once more, the smaller depths of alluvial soil along the northern arc of 
the circle of greatest destructibility would receive the full effects from the direct 
shock, whilst the thicker pad of clay on the southern arc would, by being vio¬ 
lently moved as to its particles in its lower part, have in some measure dissi¬ 
pated the motion before it arrived at the surface. 

We thus see that primarily it is owing to the shallowing of the deltaic deposit 
of the Ganges and Brahmaputra, as the metamorphic hills or their sub-alluvial 
representatives are approached, and also to the proximity of the two latter, that 
more destruction has been caused north of the seismic vertical than south of it. 

We may also expect that owing to the same causes the circle of greatest de¬ 
structibility to buildings, as laid down on the map from the arc of violence, is of 
much larger diameter than it would have been in a perfectly homogeneous coun¬ 
try ; and therefore estimations of the depth of thq focus fx’om tho diagonal of the 
square of tho radius of that cir«*Je will have far too great a value; as we were led 
to expect by their non-agreement with tho angle of emergence method. 

This can be obtained within limits from the tomb at 
^**'^*^ Jamaliiur and the chimneys at Scrajganj, tho dimensions 
of which have already been given. 

In the first case we have to treat tho fallen body as ono upset in the direc¬ 
tion from which tho shock came by its inertia of rest, during tho first semiphase; 
and in tho second case we have an example of oscillation of a body l>eyond 
its limits of flexibility, duo to its inertia of motion during the second semiphase. 

Let us first take tho simpler case of tho tomb at Janialpur. 
If wo call 8 W. tho weight of tho canopy, then, since it 
is supported by eight pillars, each of them bears a weight 
equal to W, that is ^th of tho whole. Now since tho whole canopy is symmetrical 
about any vertical plane passing through tho centre, we may look on tho mass of 
the canopy as also divided into eight parts and individually placed vertically above 
each pillar, at tho same level as tho centre of gravity of tho whole, that is, 2 feot 
2 inches above tho pilljirs. For, if wo take any pair of pillars opposite ono another, 
we see that, just as much as the ono is helped in its upsetting by tAe mass of tho 
canopy being on ono aide of it, tho other in like manner is hindered to tho same 
extent, and sineo they aro in rigid connection by the oanoj»y the ono condition 
bahmees tho other. Thus tho problem .narrows itself to the overthrow of ono 
column supporting a mass proportional to W at a point 2^ feet above its upper 
end. 

It is no.w necessary to ascertain tho proportional weights of the column and 
the supported mass. We obtain this by calculating their rcspcctivo volumes, since 


Overthrow 
tomb canopy. 


of tbo 
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the matenarl being tho same, the weights will be proportional to the volume. Tho 
whole of the canopy contains 412,142 cubic inches, and therefore ^th contains 
51,518 cubic inches. Each pillar contains 26,389 cubic inches, and will therefore 
bo about half tho weight of the portion of the canopy it supports; and since the 
mass of anything is proportional to its weight at tho same point on the earth’s 
surface, we have the mass of the portion of the dome supposed concentrated 
above the pillar equal to twice the mass of the pillar itself. 

Wo must now get tho moment of inertia of tho whole in order to find tho 
centre and radius of gyration. For since the whole may be considered as a com¬ 
pound pendulum swinging on one edge of tho base of the pillar, we need to find 
the length of the simple pendulum which gyrates in the same time, t.e., the distance 
of the position of the centre of gyration (where we,may consider tho whole mass 
of the pillar and its burden concentrated) from tho axis of gyration. By dividing 
the system of pillar and its portion of the canopy into suitable portions, and taking 
tho sum of the products of their masses into the squares of their distances from 
the axis of revolution, wo obtain— i 

m “the moment of inertia of the whole system, 

where m = the mass of the pillar, and therefore 3m = the mass of the system. 
ps57\ 

then r* = (radius of gyration)*. 


that is to say, the position whore we may suppose the whole mass of the pendulum 
concentrated into a single heavy bob is distant feet from the axis of re¬ 

volution. 



In the annexed figure let CDEF = the pillar of which 
A is the centre of gravity, and let B = tho point where 
the mass of ^tb of the canopy is supposed aggregated. 
Then dividing BA into three equal parts, of which BG is 
one, gives us G the centre of gravity of tho whole system, 
since the masses at B and A arc proportional to 2 and 1. 
The point G is 2 inches above OE or 7 feet 2 inches 
above the base DP. Join GP and let the angle GPE = <t». 
Then since DP = 1 foot 8 inches and EP 7 feet, we can 
get the length of GP = feet. 

Now in order to upset the system wo must cause G 
to revolve about the axis P through the angle and 
the measure of the velocity^of the horizontal force acting 
at G competent to raise it to the height ei tailed by going 
through that angle is the measure of the velocity of the 
horizontal component of tho earth wave that is at least 


necessary to overthrow the system. 

Let a denote the distance in feet of the centre of gravity of the system 
from the point P, then the statical work done in upsetting tho body whose weight 


is Wi is—* 


W'a (1—cos. 


* See Mallut. Neapolitan Earthquake of 1857, p. 126, Vol. 1. 
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This zniist equal the dynamical work acquired which is equal to the work 
stored up in the centre of gyration or 

W l /t \ I*)® 

‘ a (1—cos. (b) = __ -L 
' 2g. 

where w is the angular velocity of tlic body at starting, r the radius of gyration, 
and g the velocity acquired by a falling body in one second of tin\o. 

Equating these two values of the work done we find 

w® r® = 2ga (1—cos. ^). 

But w the angular velocity = the statical couple applied divided by the moment 
of inertia or 


Squaring and substituting 


_ V a cos. 0. 

w =-„-i 


^ 1—cos. ^ 


V8 = 2y.-:_. i 


a 


cos. 


Now putting the actual values for these letters wo have 
therefore V* = 4 nearly, 

V = 2 feet per second, the velocity of the horizontal 


or 


^ A 

component of the earthwave. Thou, since the angle of emergence hero was 39° 
we have * 




V 


cos, 3S 


=: 2‘56 feet per second. 


SO 


V here represents the least J^aluo necessary to overthrow the canopy, and 
far, the .actual velocity might have been anything above 2*56 feet per second. 

But, from the fact that the body of the tomb itself was not overturned nor 
Tomb itself fractured at the'base, we know that tho velocity was 

less than would have been required for that purpose; and 
so we can limit the velocity in two directions, though not within very narrow limits 
The following is the formula for tho fracturing of a solid parallolopiped at its 
base by a subnormal wave:— 


V = 


gx 


Li3 

-TX 


C OS.0 

cos. (^+e) 


3 ' a" 

where g as before = 32 feet per second 
0 = 25° 


a 

(3 

L 


V i 

V 


39° the angle of emergence 
6 feet, the height of the tomb 
3i feet, width of tho tomb 
4 the modulus of dynamic adhesion 
I between the bricks and mortar. 


2x 32 X 4x10 


X-ho 


>43 


3x 3 X 36 
23*22 feet per second. 
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or the velocity necessary to fracture the tomb from its base. Now as this has not 
occuiTed, the velocity must, at greatest, be not so high as this value, 

. . But again, we have in the case of the canopy, not mere- 

rojcc ion o canopy. ^ upset^ but also one projected some distance. 

For the centre of gravity of the whole system had travelled horizontally ll’SO 
foot from the position vertically beneath where it was when the structure was 
just on the verge of falling. Now, if the canopy had been gently lowered over 
on its side, so that no centrifugal force generated was suflicient to overcome the 
pressure due to gravity, it would have lain with its centre of gravity 3*60 feet 
short of this, or the distance from the point of revolution would have been equal 
to the height of the centre of gravity, plus half the diameter of a pillar, that is, 
7 feet 2 inches and 10 inches. This 3| foot extra throw must have been duo either 
to one cause alone, or to two combined. It must either have been caused by the 
centrifugal foi’ce of the body revolving under the influence of gravity alone, or 
by the combined effects of it and the projecting force of the earthquake. If it 
had been due^mtii-ely to the first of thepe causes, we should have had the system 
springing away from the centre of revolution when the cosine of the angle 
through which it had turned was f, and not before. Now it is easy to see by noting 
the proportions of the parts shown in the elevation fig. 6, PI. IJ, and joining the 
necessary angles, that if the body had not left its point of revolution at an earlier 
period, the north edge of the canopy would have struck the upper part of the 
tomb over half its surface, caUsTng a collision which would have left undoubt¬ 
ed traces. But it has not done so, or rather the south edge of the tomb has only 
just been grazed as represented in the figure. Consequently there must have 
been some other force in addition to that of gravity acting on# the body, and so 
helping the centrifugal force due to gravity to project the body at an earlier 
moment. Also, since the upper surface of the tomb is 1 foot only Ixdow the 
canopy (when the latter is on the verge' of falling), it must have been shot away 
before that vertical distance had been descended, though not much before, inas¬ 
much as the canopy did just graze the tomb. We shall not bo far wrong if wo 
take it that the pressure on the ground was overcome by centrifugal force at the 
moment when the canopy had descended j foot. 

The centrifugal force due to gravity alone at that position would have been 

=6*928 feet per second. 

And if we now calculate the velocity of the force for projecting the body the 
3| feet, and then subtract the previous rate, we shall arrive at the true velocity of the 
shock that it possessed over and above what was just sufficient to overturn the body. 

By the formula 


a»g 


* 2 cos* e (b—a tau c) 

where a=3i feet, the hori/ontol distant. 

„ the height of the mitre of gravity. 
e=39° the angle of emergence. 

wo get V s= 8*364 feet per second. 

Now, subtracting 6*928 for the reaeon assigned above wo have- 

1'436 feet per sccoud 
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as the projecting force which acted in addition to the overturning force. 
Tlie latter Ave found previously to be 2'560 feet per second, and therefore by 
adding we get 

3'996 feet per second 

as the velocity of the wave particle at Jamalpur 74 miles from the seismic 
vertical. 

It ra.ay bo said that the smallness of the vciocit}’-, 1‘436, just deduced, leaves 
very little room for fractional errors in the mcii,surements Avhich must always 
occur; but when we consider tliat it is certain there must Jiave boon some projec¬ 
tion, certain, too, that it was only small, and Avhen the couclusion here come to is 
corroborated by the next example, we have good grounds for thinking it correct. 

In the previous ca.se of the tomb avc had to deal with objects which were oon- 
sid(!rcfl as approximately rigid, or without any elasticity 
need be tak(?n into account; but coming now to tbo 
consideration of the chimneys, Ave have to bear in mind 
the very important fact that high brick-work structures of this kind are 
extremely flexible, and are capable of swaying through many feet in a high wind 
AVithout breaking. AVbat w'O have in fact is the case of an inverted compound 
elastic pendulum oscillating about a fixed point. If in .such a building the 
gnwitest velocity tlnit can Ikj acquired by the centre of oseillation as it piisscs the 
vertical, during a maximum vibinbion, bo grcatei* than the velocity of the earth- 
wave shock in that direction, it is oi.sy to m'c that tlio structure would not be 
forced to tbo limits of its Hexibiliiy and so woul<l not be broken. If, again, they 
wore about equal it would l)c a matter of uncertainty Avliclber the chimney fell or 
not and in whichtdirectiou it fell. But if the velocity of the shock were greater 
than the maximum vtdocity of tlio oseillation consistent with the elasticity of the 
chimney, the chimney would be broken in its woukest part during the first .semi- 
pliaso, and the broken part AArould fall in tlie direction from Avhicb the shock 
c.aine. In e.s(iraating, then, wlietlier the velocity of any oarfhwavo is suflicicnt to 
Imsak a flexiltlc structure suck as a high eliiinney stalk, it is first necessary to 
know within Avbat extremes the chimney (%'in oscill.ate Avitliout breaking. For 
answering this (picstion Avit.h Tu'gid .accuracy, jnany dat.a respecting thra modulus 
of elasticity of brick-work would bn necessary, which are not at the present d,ay 
detormi)iod satisf.'»ctori]y. Hut there arc other sources of information from 
observed oscillations of chimneys acted on by Avirid storms, Avhicli may bo of use.* 
The Townsend cJiimney, over o’i'j feet high, was struck by a gale of wind which 
bent it beyond recovery 7 feet 9 inches out of tlie porpoiidicular, so that its length 
of oseillation without breaking Avas 15 feet 0 inches at the top. Tt seems pro¬ 
bable, hoAvover, that if neglected it would have ultimately come down, for tbo 
deflection was observed to bo increasing for some tiimo whilst the workmen Avci’e 
straightening it. This chimney Avas more than twice the height of the mill 
chimney at Sorajganj, but another .mo at Messrs. if-itthoAVS and Son’s Chemical 
Works, Pitclicombe, was 182 feet high, or only 3 feet less than that at Soi-ajganj, 
and like it octagonal in section. It was observed. »vhen tested in 1875, to be 3 feet 
10,inches out of the porpendicuhir, giving a range of o.seillation without breaking 

’ Sco Supplement to Spoii’d Dictionary of Kiiginci-riiig, page 355. 
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of at least 7 feet 8 inches, at the summit. If wo take 10 feet as the limit of possible 
oscillation of the mill chimney at Serajganj without breaking, we shall not be 
over-estimating it, since the Pitchcombe chimney was not so far gone relatively as 
the Townsend, and was easily straightened. 

But first, as in the case of the tomb, it is necessary to get at the indius and 
centre of oscillation in order that we may learn what is the simple pendulum 
whose time of vibration corresponds to that of the compound pendulum of the 
chimney. By dividing the chinmey into suitable lengths, and deducing the 
varying masses of these lengths from their mean internal and oxtenial diameters 
respectively, wo can get their several moments of inertia about the axis of oscil¬ 
lation, and by adding them together get the moment of inertia of the whole 
mass. 

This we find to be 407,414. 

Having got this, it is easy to deduce the radius of gyration, and the radius of 
oscillation. The latter wm find to be feet from the base or nearly 70 feet. 

Thus tho simple pendulum whoso time*of oscillation is the same as that of the 
chimney has a length of 70 feet. 

Now, by the formula,— 

where t = the time of oscillation; 1 = length of pendulum; and g = the acceler¬ 
ating influence of gravity in oii^econd, wo have 

V 'rn 8‘3fl0 o 1 
^ = 6-060 

= d'G'W sccouda. " „ 


Now, taking 10 feet as the range of oscillation of the summit of our chimney, we 
have 5^ feet as tho length of oscillation of the sinij)le pendulum, 70 feet high, 
which represents it. 

Then the gi*catest velocity attained during its maximum oscillation without 
breaking will be when it passes tho vertical and will equal 


2 



= 1*64 feet jier second nearly. 


Now an earth wave shock at an emergent angle of 60°, and with the above 
horizontally resolved velocity, would have a rate of 3*28 feet per second along tho 
normal, since sec. 60°=2‘0 and would cause just this oscillation. Therefore 
the velocity of the wave particle must have been just a little higher than this, 
or about 3’3 feet per second; for if it had been greatly higher, tho chimney 
would have broken during the first semiphnse, and'^its fragments would have been 
precipitated ifi the direction from which the shock came, whereas their actual 
position, as shown in fig. 2, PI. 1, declares that it was during the second semiphaae 
that they were overthrown. 

It might be thought that in that semiphaso one-half the velocity afore-men- 
tionc'd would have been suflieient, provided the period of oscillation of the 
chimney coincided witli the period of vibration of the earth wave, but from tlie 
slow oscillation necessary for such a high chimney, 4*647 seconds, it will be at 
once seen that such a coincidence is impossible. 
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Putting together the evidence for velocity, we have the lowest and highest 
limits fixed by the Jamalpur tomb, 74 miles from the seismic vertical, at 2'56 and 
23'22 feet per second respectively; and also a probable rate of nearly 4 feet per 
second deduced from the same data, whilst at Serajgaiij, 3(i miles from the centre, 
wo have corroborative evidence fur a probable rate between 3 and 4 feet per 
second. • 

Small as this rate sounds to tho ear, thei'e is abundant testimony brought 
forward by Mallet in his report on thd Neapolitan earthquake to convince every¬ 
one that its effects on badly built or unstable dwellings imiy be immense. 

Tho data for obtaining this with accuracy are unfortunately wanting; such as 
there are being scarcely reliable as appi'oximatcly correct, 
•ion of *tho JVlctcorological Observatory, Calcutta, tho time 

of the shock was indeeil fixed rigidly at tJ hours, 24 minutes, 
12'0 seconds, but from only two other j'laces, namely, Dacca and Sibsagar, have 
times been forwarded. From Sibsagar Observatory a seismometer form was 
received partly filled up, stating that a vsry slight shuck of earthquake occuri-od 
there lasting about half a seccoid, but that no seismometer cylinders were over- 
tlirown, and no damage done. Tho time given was G hours 48 minutes (local 
time), which corresponds to 0 lujurs 22 iniiintes Calcutta time. Tliat is to say, 
the shock was felt 2 minutes earlier at Sibsagar than iu Calcutta. Now allow¬ 
ing that tho rate of transmission of the shock 'V!i,s twice as great (and this is the 
most liberal allowance possible) through the rocky strata towaixls fcJibsagar as 
through the clay to Alipur, wo still have more than double tho distance for the 
shock to have travelled in the former than in the latter case, so that at least the 
shock should have arrived some little time later at Sibsagar than at Alipur. 
Tims wo must put aside the tiiTio evidence Jiere as unsatisfactory. From Dacca, 
a letter from tho Traffic Superiiitendcqt of tho Dacca and Maimensing State 
Railway, gave tho time as <i'22 at the “ last of tho vibration ” Tho time is tele¬ 
graphed daily from tho Govcrninent Telegrjf^ili Office, Calcutta ; and was marked 
on the clock dial at tho Dacca Railway Station accurately tho day before. As 
Dacca is 35 miles, and Calcutta 158 miles from tho seismic vertical they will be 
57 miles and 104 miles respectively from the focus, reckoning the latter at 45 
miles deep. Hence the difference in distance is 107 miles. This gives 53j miles 
a minute for the velocity of transit; a result much too largo, even if some frac¬ 
tion of a minute bo allowed for tho vibration to have ceased at Dacca before the 
time was noticed. 

On the whole, then, we have no reliable data that can in any way advance our 
knowledge concerning tho velocity with which an earth wave is propagated 
through the rocks. 

There seems to bo no doubt that tho forerunner of the destroying earthquake 
of tho I4th July is to be found in tho gentler, but still 
earthquake shock, pf tho 25th Juue, which convulsed a great 

part of Bengal, and was felt iu Calcutta and Darjiling; 
whilst it is certain that tiie later small shocks and tremors have proceeded from 
about the §Hxae centre as that of the 14th. 
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Thene later ones liappencd on the following dates; and, though doing no 


ley kept tbe population in a constant state of expectant alar 

2l8t 

July 11 bout ..... 

. 6-10 P.M 

22ii(l 


. 4-:i0 A.M. 

22iid 


. 2-50 r.M. 

2:tnl 

^ M .t ..... 

. 3-20 A.M. 

2;inl 

>» * »p . * ■ 

- 7-20 „ 

23ra 

ly It • • a • 

. 10-10 „ 

26t1i 

tl • • • . 

. 6-30 

2Gt1i 

y9 

. 9-0 „ 

2(;th 

9t ,1 . • . • . . 

. J -30 I'.M. 

‘Itli 

AuKU'ft 

. 9- 0 „ 

6tli 

SqitoiiilM'r „ . 

. 11-30 A.M. 


On the 17th July at Muitoo a shock was felt', hnt this is no donbt rather to he 
relegaled to tho Kashmir set of (‘arthqnake shocks th:i7i to 

inircaSurk^^ brings US to the (piestion 

wliether tlieve |pay bo any connection butween the two 
sets of earthquakes thus widely separated, or whcllier wo are to look on them as 
due t(j causes working singly and unaided in tlnnr own localities. Doubtless 
there can bo no dofinite answer to such a tpiestiou, but it may bo noticed that if 
wo answer in tho negative, if we put down their conteiri[)oraneil,y to mere chance, 
we tacdtly admit that tho causes of each arc local, and liy infci’enco superficial. 
Donee wo might find room in this case for tho possible explanation ofEored by Mr. 
Medlicott in his preliminary notice of the eartlupiake, that the change in the 
coui'so of the llrahmaputra and tho consequent deposition of its vast sediment in 
a different area might have so disui-ranged the balance of the earth’s crust and so 
brought on a bending in the strata that migld liivo culminated in a violent snap 
sufficient to produce the phenomena of the Idth. 

On the other hand, if w'(‘ take their near coincidcnc-' in time as a sign of their 
connection in reality, we must look-for no local and superficial cause, no mere 
change of a drainage system to account for them, hut wc must search for some 
deeper cause underlying tho very roots of the mountains, and sufficient, by tlirow- 
ing tho whole of tho northern parts of India into a state of strain, to bring on 
earthquake phenomena in lliosc ])arts of the earth’s surface less able to stand the 
sticss or rnoix! intersected by lines of weakness. 

And in the same way if this relation bo gi’anted ns probable, there seems no 
• reason why the certainly marked increase of seismic and 

volcaiiic activity during the last year or so both in Europe 
and in some parts of Asia shJuld not, in like manner, be duo 
to some great underlying cause which, on a largo scale, has been making itself felt 
lierc and there in weak places j now in Italy* now in Spain, now in England, 
Germany, Switzerland and Austria, and other jilaces in the Eastern Jlomispliere. 
Nor would it, perhaps, bo too much to look back to tbe Iscbian earthquake and 
the eruption of Krakatoa in the summer of 1883, as perhaps the great foreranners 
of this consecutive series of siesmic and volcanic phenomena. 

in conclusion, 1 should mention that such observations as ore Recorded in 
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*Tones: Kasliniir Eartliqn^ke o/’SOtli May 1885. 

Mji'h papor .arc in a groat moasnro due totlio assistancB I renoivcnl from tbe Govorn- 
morit ofiicei'S at Sherpnr, IMaimeiisiug and Ducra; and in an cspooial degi’oe to 
tho kindiioss and hospitality of snvorai gcn<|enii)n residing at Scrajganj, Suboin- 
kJioli, and Maimansing, Avilliout Avhich, a district dostitute of hotels or duk- 
bangalows a cumbrous camp equipment would have beon necessary. 


Hrport on the Kashmir hlai'tlupialcc of 3(Mh May 188,5, hy E. .1. Jones, 
A.Jt.S.M., tleoloijlral Surrey of Itidhi. 

Ki’itygerafrd reports. —'I’lie Jiewsj)apcr and other rcporls of this eai'thqu.akc, 
at iirst, as is usual in all sunh eases, much L‘xagger.ated the importance of the 
event. 

Jleavy toss of life. —But, in spite of the eompni’iitivc mildness of the shock, 
the loss of life was very great, being in round numbers about d,0U0. Tho 
cau'-c of this is to be looked for in tlye very insecure nninner of building in 
vogue. This, ;it the same time, has necessarily ])reventod the possibility of many 
aeeiiralc observations being taken from the ruins. 

Style (f buihi'nuj .—The greater number of the buildings may be divided into 
two (.'lasses : — 

(i) lbo.se situated in the hilly parts of the country ; 

(ii) those situated on the iroro levid country, in the wide portion of the 

valley of tho .llielam. 

The first <!l!\ss arc low strind-ures, usually isolated, and frequently coA’cring a 
large area of ground, being generally built upon a teri'ace on tho side of a hill 
with one aide resting against the perpendicular face of the terrace above. These 
huts ccm.si.st of w.ills built of rubble loo-ioly held together with mud; rcisting on 
these are a number of beams (roughly trimmed trunks of tr('es), which arc also 
supported jilong their leugth by woodeiT posts; upon the whole of this with the 
interposition of some cross pieces of wood, a layer of dry mud is laid, which ia 
add('d to year by year and forms a flat I'oof. 

The second class are built either detached or several in a row; they consist 
sometimes of as many as three .stories. The materials used in their eonstructioii 
are veny various, blocks of dried mud measuring 2 to 3 feet in leugth, breadth, 
and depth and made in moulds in situ; sun-dried and burnt bricks lield together 
with mud, or rarely in the ease of the burnt bricks with mortar ; rubble stones 
held together with mud. It is also usual in these buildings to place iit intervals 
of 2 to 4 feet liorizoutal lengths of wood, and occasionally vertical and inclined 
ones; no attempt is made at bonding in those walls, and the mud between the 
bricks is .about one-third the thickru'ss of the bricks. Above ibis is placed 
a tbatxihcd gable-ended roof, into tbe composition of which heavy beams of 
roughly hown timber enter very largely^ The whole roof is supported on several 
square pillars of sun-dried bricks or other material carried above tho walls and 
measuring 2 feet to 2 feet 0 inches along tho side. 

It will-be readily understood that, such structures arc not of a nature to sue- 
cessfully withstand earthquake shocks, even when not of any great degree of 
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intensity. In a very considerable number of the cases in which huts were damaged, 
the supports of the roof had given way and allowed it to subside, frequently 
carrying the walls down with it and waving only a mass of rubbish to indicate 
the spot where the house had stood. ^ 

Scattered through the country thei’e are, however, a few buildings of a more 
substantial character, some of which were more or less injured by the shock. 

Patan. —This village is situated on the road from Baramula to Srinagar, and 
near it is an ancient Buddhist temple, of which a view is given in the annexed 
plate. The temple is veiy nearly cardinal (i.e., its four sides face nearly N-S. 
and E-W.), and is built of large trimmed blocks of limestone laid together without 
any cement. In each face thei-e is an arehed reces.s, and inside is a small open 
space about 10 feet square. From the western face three stones have fallen from 
near the top of the arch. The greatest damage was done to the S. and E. faces, 
especially at the S. K. corner, the greater part of which fell. The long axis of an 
ellipse drawn around the fallen stones as they lieupon the ground runs E. ‘22‘’S,—W. 
22“ N., which gives an approximate direfttion for the wave path at this point. 

Srinagar. —In the Sher Garhi (the Mahar.aja’8 palace) the long walls of the 
large dining-room run east—west, and the one on the south aide, which is an 
outside wall, consists of a series of brick pillars 3 feet wide with openings 
between them 4 feet 0 inch across. Three of the pillars are cracked; the two 
most decided cracks make angles of 27° and 37° respectively with the vertical, 
and are inclined towards the east. If wo take the mean of these two, we obtain 
an angle of 32°, whii'h, on the assumption that the fractures are formed at right 
angles to the line of shock, is ecpial to the angle of emergence of the shock. 

A high wall outside this room and facing to the west was partially overthrown 
in a westerly dii’cction into the court-y.ard. These two observations j)oint to a 
wave path at this point in an Pj.--W. direction; and though the Avail to some 
o.xtcnt would liaA'C A'ibratod at right angles to its long axis and have fallen oven 
under the influence of an oblique shock, yet the fissures in the pillars indicate pretty 
exactly the line of shock. 

At the Sangin Darwazi, which is a gateway in the wall between the city and 
the Hariparbat fort, sevcrfil stones have been thrown down from the lop of the 
gateway in a more or loss Ave.sterly direction, the only two whose original position 
I Avas able to discover had fallen to W. 1° N. and 12° N.; if we take the mean of 
these two, we get W. 6° 30' N. as the direction from which the shock cjime. 
This gateway is built of brick with a facing of stone-Avork and looks towards 
W. 22° S.; on the eastern aide of the arch a good de^,! of brick-work fell. 

In the Ta^hwan division of the city is a bath-house, which is 'ardinal, and 
built of brick and mortar. Both the east and Avest walls of this building have fallen 
outwards, carrying some of the arched roof with them, and the west wall carried 
a small portion of the south Avail with it. This indicates an east-west direction 
for the wave path. 

GondikallcI, —At this small village, which is situated about half a mile to the 
west of Tregaon, near Shadipur, thei'e Avas a small hut built of mud, the ends 
facing S.E. and N.E.; these ends both fell outwards, indicating a F.E.-S.W. 
direction for the wave path. 
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J 0 NE 8 : Kafihmir Earthqi^ke of 30tii May 1885. 

Miijigunrl —is on the loft bank of the Jhelam, below Srinagar, nearly opposite 
Bak})nra. Here there was a long building forming a stable belonging to the 
Maharaja; it was built of brick and mud pSlars at intervals of about 6 feet, the 
spaces between the [)illars being filled up ^th unburnt bricks. The long axis of 
the building ran N.—S. The whole of the walls, with the ex(!eption of the 
one at the south end, fell. The fall is i-eporf. I to have taken place towards the east, 
but the debris had been removed in onler to allow of its being rebuilt. This 
indicates a nearly E.—W. direction of hhock. 

Kaosa. —Tliis village is 8ituat^^d on both sides of a small stream near Magaon. 
On the loft bank is a large three-storied house of bricks and mud built in 1884, 
surmounted by heavy wooden beams for supporting the roof, which at the time of 
the earthquake had not been put on; these consisted of five cross beams resting on 
brick pillars and running N.W.—S.E., and one longitudinal ridge-pole above, 
running S.W.—N.E. The pillars on which these beams rested had been broken 
►down, and the beams were lying on the floor of the attic; the longitudinal 
beam had moved 5 feet in a S.W. directum and 1 foot 8 inches towards N.W., 
the cross beams had moved in a N.W. direction 3 feet, and about 1 foot 6 inches 
to S.W. This would indicate a W.—E, direction of wave path. 

Mdgam {Mngaon). —Here were three houses facing, respectively, N. 3® W., N". 8" 
W., and N. 18“ W., the Avails facing in these directions had all suffered the same 
damage, viz., the mud which was v.sed to fill up the intervals between the pillars 
•6f uuburnt bricks had fallen outwaids. If we take the mean of these three direc¬ 
tions, we obtain N. 9“ W. as the direction from which the shock came. 

Makahama ^Harda Maka Nana). —^At this place the walls of the mosque, 
which were built of bricks and mud, were uninjui’cd; but the pillars of brick-work 
above the Avails, which were a{>parently intended to support the roof, though in 
this case they did not j-eaeh high enough, and the weight of the roof rested on 
■wooden supports at the sides of the pillars, Avere damaged. The ends of the 
mosque face W. 17*' S. and E. 17® N., tho middle pillar at the west end fell out¬ 
wards and the three middle pillars on tho noiih side also fell outwards and one 
pilhir on the south side was tilted inwards. This indicates a shock about diagonal 
to the building or W. 28° N.-E. 28° S. 

Sopur .—Tho fort situated on the right bank of the river at the end of tho 
bridge was considerably damaged. The component materials were rubble, cement, 
ed partly with mortar and partly with mud. It was a square building with a 
tower at each corner, the towers being portions of octagonal pyramids built on to 
the corners which point N., S., E., and W., and in the middle of the S.W. 
side was a square gateway tower. Inside, on tho ground, there were several 
cracks running N.E.—S.W. On tho S.W. side the top of * the gateway 
tower fell inwards; tho same occurred to tho south and west corner towers; on 
tho S.E. wall a portion fell near tho east tower in a S.E. direction, and the east 
tower fell entirely. Several poriions of the N. W. wall, and a considerable portion 
•of the N.E. wall fell. The roof of a small hut just outside the gate was thrown 
off to S. 13® E., bringing down the walls at the'saiqe time. All this indicates a 
•shock from a direction somewhat to the east of south. 

Chikar .—This is a fort situated above tlie Jhelam some distance to the south 
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in the neighbourhood of Garhi; it is built of rubble and mud, with horizontal 
wooden beams at intervals of 2 feet and a mud plastering over the whole. The 
building is square, with portions ofLictagorml pyramids forming towers at the 
corners and in the middle of three of' he sides; on the cast side there is a square 
gateway tower. A portion of tbe east corner of the S.E. tower fell down 
towards the cast and a jjortion of the N.W. tow'er fell to the west. This gives 
an 10.—W. direction for the shuck at this point, 

VositioH of the seismic vertical .—Tabulating the above we get— 


Patas— 

Teui|i1o .... 

SHINAOAIt— 

flier (iiirlii .... 
Siiffiii Diirwazi 

Tiisliwnn .... 
OoNOrKACLKL— 

Siiiail mud hut 
Moojigoond— 

Stable .... 

K\osa .... 

Maoam. (Maoaon) 

Makauama—(Hakda Maka Nana) 
CuiSAK tort .... 
(SortTB Kort .... 


K. 22* S.—W. 22" N. 

. E.-\V. 

. W. (?» 30' N. 

. E.—W. 

. 8. W.~N. E. 

. E.—W. 

. E.—AV. 

. N. '.P W.—S. 9" E. 

. W. 2S" N.—E. 28" S. 
. E.— W. 

. S., some ileejreea E.) 


Plotting these directions on the map, we find 17 iuter.sections witliin a circle 
of 4 miles radius round a point quarter a mile S.W. of Jampur, 12 mih's from 
Srinagar in a westt'rly direction from the northern end of the city; and 21 intersec¬ 
tions within a radius of 10 miles round the same point. Coiisiiierijig the class 
of buildings from which the olwcrvatioiis were necessarily taken, this gives as 
accurate a determination of tlie position immediately above the seismic focus as 
could be cxjiectcd. This position agrees sulUcieutly avc :I with the results obtained 
at Sopur, whicJi w’cre not plotlod owing to the indefinitenoss of the indicatioTis. 

Rcsidencij at Srinaijar, —The walls of this building, which is situated on the 
right bank of the Jhelam to the oast of the city, were fractured in such a way as 
to indicate a shock very ncfirly N.—S. This is possibly due to a reflection of (ho 
shock from the inlier of older rocks which lies to the east of the town ; but as 
the fractuivs were mostly old ones that had been plastered up proviou.sly, they 
are not of a nature to give satisfactory indic.dious. 

BaramuUi .—At Jlaramula also everything tends to show that the shock was 
there N.—S., walls facing north and south being overthrown, and those facing cast 
and west fractured. This also is probably due to a reflected wave from the hills 
to the north orBarnmula. 

Depth of the seismic focus .—We saw that at Srinagar the angle of omci’gence 
was 32". Now the de£)th of the focus is obtained by tbo I'oi-mula— 

d= r tun. e 


where e = angle of emergence at any point, and r = distance of that point from 
the seismic vertical, we have therefore— 

.l = 12X tun. 32" 
d=7‘& miles 
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which in the absence of other data from which the depth might be calculated 
may be taken as an approximation to the inean depth of the seismic focus. 

Mcizoseismal area .—The greatest dam^c has been done over an irregularly 
elliptical area, the long axis of Avhich is ICymilcs and the short axis 6 miles long, 
and the superficial area about 47 squai'e miles, and nearly symmetrically disposed 

about the seismic vertical. Within this area, marked by a broken lino (-) 

on the maps, the destruction was very complete, whole villages being almost 
entirely destroyed and many lives lost.* This coiresponds to the meizoseismal area 
of Mallet. 

Jb'irst isosetsmal .—Tho area outside this, correspending to Mallet’s first isoseis- 
mal, includes the area within which large portions of villages and towns 
were thrown down and j^ersons killed. This is included by a line passing east 
of Srinagar through Magaon south of Baramnla and across the Jhelam near 
Gingal, then passing north of Supur and round again to the south of Srinagar. 
It includes an area of about 500 square miles. 

Second isoseismal .—Outside is again another ai'ea of about 3,000 square miles 
including those places from which slight damage to buildings, &c., is reported 
to have occurred, but it is probable that even within this area there was some 
loss of life. It is indicated on the map by the broken line passing north of Gurais, 
from thence it passes east of I’itwal on the Kishengunga river, west of Chikar, 
south-west of Bn.gh, and south of Punch, at or near all of which some damage to 
buildings, chiefly forts, is reported. From Punch to Gurais there are no reports, 
and the true course of the line is uncertain. 

Third isosei^nal .—This is a large area : including the places where the shock 
is reported to have been perceived by the unassisted senses, viz,, Peshawar, 
Gilgit, Simla, Sabathu, Dalhousie, Lahore, &c. 

Outside the third isoseismal area is a,larger area, the extent of wliich is quite 
unknown. It is that in which the shock might have been perceived by means of 
properly constructed instruments. * 

Sound accompany ing the shock and prelim inat-y tremors .—A sound, which is vari¬ 
ously described as resembling distant thunder, .a discharge of artillery, and the 
noise caused by blasting oijcralions, preceded the shock, and .seems to have 
been noticed by many who were not asleep at the time; but no preliminary 
tremors seem to have attracted attention. 


Transit velocity of the ware.-*—No observations of tho time at which the 
shock was felt were made witli any instruments sufficiently accurately adjusted 
as to give any reliable data for calculating the transit velocity. 

Velocity of the wave particle .—I was not able to find any objects overturned 
or projected in such a way as to give a measure of the velocity of the wave 
particle, but considering the class of bnilding.s which have escaped, it cannot 
have been very great; for almost the whole of the buildings are either bad, 
ill-laid and ill-cemented masoniy, or siipply mud structures; and we know that 


a horizontal velocity of 3 to 4 feet per second is sufficient to fracture such struc¬ 
tures.^ 

Landslips .—Several secondary effects of the earthq^ko were noticed. 

• The Neapolitan Earthquake of 1867, Mallet, Vol^ II, p. SIS. 


noticed. 
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A large landslip occurred at Larri-dur, a place about 7 miles south of 
Baramula. This village was situated upon a hill lying N.W.—-S.E., composed 
of slightly hardened Karewa * clays nesting upon sandstone and dipping to N.B. 
at 5® to 10®. Above the clay is suriR ce soil of varying thickness. The upper 
30 feet of clay and surface soil has slipped along to the dip, exposing a fresh 
smooth surface of clay. The line of parting ran along the length of the hill, 
and a fissure has been formed along this line varying in width from 30 feet at 
tho S.E. end to about 600 yards at the N.W. end, and with a length of about 
half a mile. To the N.E. of tho narrow end of the fissure another slip has taken 
place from tho side of tho hill. Tho mass of clay and surface soil that has slipped 
is all piled up to N.E. of tho hill in the little valley situated there, and all tho 
huts that lay in its path were of course buried. 

The slip was probably due to the presence of water in the clay, which must 
have accumulated along the plane of bedding, thus producing a soft water-satu¬ 
rated stratum over which the upper mass would readily slide. With the upper 
mass thus situated, floating as it were on a layer of slime, a slight shock might 
be quite sufficient to fracture it and cause it to slide by reason of its own inertia. 

Fissures and sand craters. —In many places, as at Patan, Dubgaon (at the 
junction of the Jhelam and Pohra rivers), along the banks of the river at and 
above Baramula, numerous fissures were formed in tho alluvial soil, of no great 
width (none exceeding a yard across) and all running roughly parallel to river 
banks or else across the slope of hills. 

In tho neighbourhood of many of these fissures water and fine sand were thrown 
out, and the villagers stated that there was a strong sulphureous smell given off 
from the sand for several days. This smell was probably due to sulphuretted 
hydrogen gas (S. H. 3 ) produced by the slow decomposition of the strings of 
vegetable matter imbedded in tho alluvial soiL In one case at Nila, near Patan, 
I saw an inflammable gas without odour being slowly evolved. This was probably 
marsh gas (0. H 4 ) or one of its hom'ologues, produced in tho same manner. 

Effect on springs. —Several springs were affected by the earthquake, tho flow 
of water being increased for periods of time ranging from a few hours to as many 
as eight days. 

The country occupied by the moizoseismal area is entirely composed of recent 
alluvium, and that within the first isoseismal line is almost entirely of the same 
character, the Karewa beds (pleistocene alluvium) coming into the N.W. 
of the area in the neighbourhood of Baramula, and down the river below 
Baramula the alluvial deposits are underlaid at, a short depth by the more in¬ 
durated rocks of the Panjal system, which also appear to the eaot of Srinagar. 

Subsequent shocks.—TUho slight shocks subsequent to tho great one continued 
at intervals up to as late as August IGth, on which date there was a shock at 
about 7 A.H., since that time I have seen no reports, though the shocks probably 
continued to a much later date. 

Desirability of erecting seismometers. —In a country like Kashmir, subject as 
it is to earthquake shocks at‘frequently recurring intervals, it would be highly 
desirable, especially in tbj absence of buildings suitable for soismological observa- 

^ Old lacustrine o* fluviatilo deposits now eroded into plateaus and terraces. 
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tioiis, to have at one or moro stations seismometers erected, and shbnld this for 
any reason be found impossible, it might still be practicable to erect at several 
points masoniy pillars surroundod by a rough wooden fence and placed in 
charge of the headmen of the villages if necessary, which, if overthrown or 
fractured by an earthquake shock, would to a great extent supply the place of 
ordinary seismometers. 

In conclusion, I would thank Colonel .Sir O. St. John, K.C.S.I., R.E., the 
oflBcer on special duty in Kashmir, a^d all the officials of His Highness the lato 
Maharaja of Kashmir and Jamu with whom I came in contact, for the assistance 
rendered me during my stay in Kashmir and without which it would have been 
almost impossible to carry on the investigations. 


Notes on the results of Mr. H. B. Foote’s further excavations in the Billa Surgam 
Caves, by R. Brocb Foote, F.G.S., Superintendent, Geological Survey of 
India, • 


The further exploration of the Billa Surgam bone caves during the season 
1884-85, by Lieutenant Foote, R.A., have been rewarded with a rich collection of 
fossil bones, together with many traces of the contemporaneous existence of man in 
the form of rather rude bone implements and other cut bones of great interest. 

Lieutenant Foote resumed work at Billa Surgam in December last, and conti¬ 
nued 't it till the end of May. Pi-evious to his return to militaiy duty, he spent a 
few day« ^ith mo, assisting mo in unpacking the collections ho had made, and 
explaining various points connected with his work. He subsequently drew up 
an interesting report of the work effected, much of which will bo quoted fur¬ 
ther on. , 

With reference to the condition in which ho found the caves on his return in 
December (1884), he reported : “ I found everything just as I had left it at the 
end of May previous. The north-east monsoon having failed, tho spoil banks 
were untouched, so I could not judge whether the stream which flows through the 
caves in wot weather is of any size." 

“ On first re-commencing operations, I determined to finish off the layer 0 c 
in the south comer of the Cathedral cave, and also tho 
work*wM pursu^'*^^ remaining cave earth in the Charnel House before pro¬ 
ceeding to excavate over the whole area of the Cathedral.” 

“ When the Charnel House cave was finished, as I had as many mqn at work 
in the Cathedral as J cared to have, I set tho Charnel House gang to dig in the 
small cave which opens into Chapter House on the side. Tho results obtained 
will be given further on. ” 

Mr. Henry Foote further examined, at my special request, the little grass-grown 
patch—“ the garden”—on the cliffs above the north Chapel 
cave, as it seemed a very likely place to have been resorted 
to by possible cave dwellers as a strong terrace* well suited for cooking and for 
basking, and whence they could keep a good look-out against sudden attacks from 
enemies. The little terrace was completely dug over down to the rock, but 


Tho Qardon. 
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yielded nothing of interest. No further excavation was attempted in the Purga¬ 
tory cave. 

The second series of excavations made in the Cathedi’ol cave was much less 
easy to efEect than the first, as he had to contend with 
great masses of hard stalagmite, much of which had to be 
blasted, while the rest was broken up with cold chisels. 

The excavation of the whole area of the Cathedral cave was effected to a 
depth of 16 feet, an'd in the southern corner a wide shaft 
cha Jblw." ® further depth of 21 feet, making a total of 

37 feet from the original surface. The sinking of this 
shaft revealed the existence of a passage opening from the south. This passage, 
to which the name of the “ Corridor ” was given, was followed up, and at a dis¬ 
tance of 55 feet soalhward of its mouth was found to lead into another larger 
passage running east and west. 

On the south side of this east and west passage, and opposite to the mouth 
of the Corridor, another passage was found running south 
apparently, but for want of time not excavated. 

The east and west passage formed a domed chamber, measuring, before the 
excavation of its floor was commenced, 25 feet by 12 feet, 
with a height of 10 feet in the centre. A large fine stalactite 
hung from the" centre, and below it was a large mass of stalagmite, the off-flow of 
calciforous water, from which had formed a stalagmite crust from ^ to 1 inch 
thick over the floor of the chamber. At the eastern extremity of the chamber 
the roof of the cave sloped down to about 2 feet from the floor, and here ''ccurred 
“ a perfect forest of most beautiful little stalactites, some forming delicate little 
pillars, othera branching off into tree-like forais as ramified as the most elaborate 
corals.” To this chamber Lieutenant Foote gave the name of the “ Fairy Cham¬ 
ber” after the beautiful little cave at Caldy, in Pembrokeshire, so graphically 
described by Profe.ssor Boyd Dawkins in “ Cave-hunting.” The western end of 
the “ Fairy Chamber ’’was filled with cave earth, which proved very rich in good 
specimens, as did also that in the “ Corridor.” The atmosphere in the Fairy 
Chamber was extremely close and steamy, and it was impossible to bo in it for 
many seconds without being bathed in perspiration. 

The series of beds exposed during the excavation of the Cathedral cave 
is given below in tabular form. The several layers in 
which the thicker beds were taken out, and the marks 
with which their fossil contents were registered, are also 


The Corridor. 


The Fairy Chamber. 


Section of beds in the 
Cathedral. 


shown:— 


8. Surface, or bat’s dung, bed . 

■ C 

Average thickness 

. 3' 

8. Grey sandy bed, with some bat’s dung 

C 


. S’ 

7. Stidagmite in irregular masses 



. — 

6. Ked sandy cave earth . . . ■ 

Ca 


. S’ 

C excavated in . 

(„ b-) 


. 3’ 

6. Stiff red clay . < three layers of 


9' *. ’. ! 

. 3' 

(a'each. 

lu d3 

. 

. S' 

4. Stiff dark marl .... 

f.. 

t »i f J 

• • • 

.• 8' 

. 3' 
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3. Dark loamy marl 
2. Grey marl 

1. Grey marl 


. Ch 




S' 

8 ' 

8 ' 

8 ' 

8 ' 


Surface bed. 


Bed C. 


Of the above formations everything down to the base of 5 (0 d) was entirely 
removed, and the underlying formations wen.- exposed in a wide shaft sunk in the 
south corner of the cave (to a depth of :?7 feet from the surface); the average thick¬ 
ness of the mass removed over the whole area of the cave was 16 feet. The beds 
showed a general low dip north-westward. 

With reference to the surface (bat’s dung) bed, Lieutenant Foote states: 

This bed varied very much in thickness, being 4 feet thick 
behind the high altar and only 1 foot thick on the north 
front of the cave, but it increased again on the south front, until behind some of 
the stalagmite masses in front of the high altar it attained a thickness of 6 feet. 
There were many small bones in it, most of which had lost their gelatine.” 

Of the upper bed of grey sandy cave e*arth (C,), ho remarks it “is much infil¬ 
trated in places with colouring matter, and at the top a 
good deal mixed with bat’s dung—in fact to the presence 
of the latter I attribute the grey colour of the earth, which would otherwise 
have been nearly white from calcareous infiltration. The stratification was 
“ very indistinct. There were very few large bones found, but plenty of small 
ones, which had all lost their gelatine but were not mineralized.” 

“ Before excavating the next layer (C a), I had to remove the barrier of stalag- 
mite across the cave; the softer blocks I broke up with 

ta agmite arr er. chisels, but the great majority had to be blasted; 

and in all I removed some 50 tons of rock.” 

“ C a, as I termed the next layer of erfrth, was a red sandy bed about one yard 
^ ^ ^ thick, but in the frqpt of the cave it was considerably 

^ ■ thicker in places owing to the stream (flowing from the 

back of the cave) having scooped out channels in the underlying red clay which 
were filled up with the sandy bed.” 

“ This bed partly underlies the high altar, and also contains a good many 
blocks of limestone—in fact in front of the altar it was entirely replaced by the 
basement blocks of the stalagmite barrier which here formed a regfular floor. 
Many of these blocks of stalagmite are in situ, and as they are of large size, 
(some being 4 or 5 feet high), the underlying cave earth (C b) must be of great 
age, as, owing to the very dense nature of the greater part of these blocks, they 
must have been formed slowly.” 

Beferring to the red clay bed^O , Lieutenant Foote writes:—“ Another 

fact which point? to the great age of this clay bed is that 
its surface is covered with a regular pavement of fallen 
blocks of limestone; and a*s most of them are small, they 
would seem, to be rather the result of the slow breaking up of the roof owing to 
weathering than of any sudden disturbance of the rock by earthquakes. 


b. 

Bed G c. 
d. 
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The layer G c of the red clay was found to be very rich in teeth in places, but 
^ ^ very poor in front of the high altar. Like the overlying 

^ * layer, this becomes much more sandy as it goes back 

behind the high altar; and as it becomes more sandy, so are the large bones and 
teeth replaced by small ones. With regard to these beds being rich in some 
parts in small bones, which are almost entirely absent from them in other parts, 
I would suggest that it is most likely owing to the bed being higher behind 
the high altar than elsewhere, it might' therefore have been high and dry there 
when the other parts were under water, and consequently it would have been 
chosen as a resting-place by the owls, &c., which came to make their castings in 
the cave. 

The surface of the underlying dark marl bed ^0 ^ was found to have been 

scooped out by stream action to a depth of some 2 to 2| feet; and where this had 
been the case, the overlying red clay was by so much the thicker than elsewhere. 
The excavation of C d brought to light the mouth of the Corridor passage leading 
southward into the Fairy Chamber, into both of which the red clay extended and 
maintained its character for richness in fossil remains. 

C d yielded nearly all the important large bones found, and, excepting C b, 
was richest in small bones as well. Of cut bones C d yielded nearly twice as 
many as all the other beds together. 

The several beds penetrated by the shaft sunk by Lieutenant Foote after 
clearing out the whole of C d and all above it, were of much less interest than the 
red clay above them, from the fact that they yielded but few good bones and 
teeth, most of the tolerably numerous fossils being fragmentary.. 

In this respect the lower half of the dark marl bed 
(C ^ was better than the upper, which contained little 
but fragments of teeth, many being parts of molars of 


Bed C I; 


Bhinoccros. 

Bed Cb. 

genera of birds. 


The underlying dark loamy bed Oh was fairly rich 
in small bones, amongst which many belonging to different 


C V 
Beds c' 

c{; 


Of the remaining l)eds, 0 i and C j became increasingly 
poor in bones, while 0 k and C 1 are, to all intents and 
purposes, sterile, so much so that Lieutenant Foote does not 
consider them worthy of further exploration. 

In the front portion of the Charnel House cave, where Lieutenant Foote had in 
his first exploration reached a depth of 27| feet|[ he descended through 8 feet of 
stiff grey m^l to the bottom of the cave at a total depth of 35^ feet from the 
original surface. No bones were found in this grey marl. 

At the eastern or inner extremity of the Charnel House the passage widened out 
somewhat as followed eastward, and a^ the crossing of two master-joints in the 
limestone formed a star-shaped well (in plan), from which 18 feetof stiff red-clayey 
earth had been removed. At a depth of 27 feet the passage widened out in the 
cross joint and could have been entirely cleared; but as this would have involved 
costly timbering to shore up the sides, and the cave earth was very sterile, Lieute- 
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Absence of skulls. 


nant Foote judged it wiser simply to sink a pit in the centre of the cave, which was 
&om 5 to 6 feet wide. The sinking was effected in depths of a yard each till a depth 
of 58 feet 6 inches was reached when the passage contracted suddenly from 
5 feet to 6 inches and could be followed no further. 

The results obtained by the excavation of the little cave on the south side of 
the Chapter douse were small, the only point of real interest was that of a large 
human molar in a bed of red cave eartk about 4 feet below the surface, the only 
human bone found anywhere in tho true cave earth. The red cave earth was over* 
laid by black gravel from 1 to foot thick. 

A remarkable fact, not easy of explanation, is the almost total absence of the 
skulls of tho animals whose bones are met with in the 
caves. With the exception of two or three tolerably per¬ 
fect skulls of bats which live in tho cave, no entire crania or large fragments of 
crania were found, though many mandibles or rami of mandibles with or without 
their teeth wove mot with, from those of Rhinoceros down to those of minute shrews 
and rodents, &c. Teeth of many genera,* especially ruminant and rodent, were 
obtained in considerable numbers, and mostly in excellent preservation. 

A fairly large number of genera not found during the first exploration have 
now to be added to the preliminary list of the cave fauna, especially among 
minute mammals, birds, and reptiles. 

The working out of the remains obtained at Billa Surgam will furnish 
materials for a very valuable chapter on tho prehistoric fauna of South India, 
though the anthropological results so far obtained are rather disappoin ting from 
their negta».I.-c j^J'aracter. 

The following is a tentative preliminary list of the fauna of Billa Surgam, in¬ 
cluding some additional forms not found in the first collec* 

* ** made. Thesg have an asterisk prefixed to their 

names. 


MAMMALIA. 

Presbytia (Semnopithecus) priainus ? 

MacnensP sp. 

Chiiopters, several. 

Sorex sp., small. 

TapaiaP sp., small. 

UrsQsP sp. 

Fells tigris. 

Do. pardtts ? 

Do. sp., medium sized. 

Do. sp., small. 

Viverra zibetha P 

* ParadoxnrusP 
Herpestes griseus P 
Cauis sp. 

SciorusP 

Mas sp. 

* Nesokia sp. 

Hysirix leucurus. 

Lepus sp. 
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Bhinoeeroi ip. ? javanicui. A posgible second (smaller) species is suggested b; difference 
in size and shape of posterior upper molars. 

* Equus sp., Inrge. 

Do. sp. ? small. 

Sus indicus. 

Busa aristotelis. 

Axis inaculiitus. 

* CerTuluB aureus ? 

Memimna. 

Antilope bezoartica P 

* Gazella beiincttii ? 

Portax pictuB. 

Capra ? 

OvisP 

Bos sp. 

Gavffius P 

* Mania pentadactyla. 

AYES. 

Genera belonging to the orders Grnllnlores, * BasoreSf 

* Scausores ?, * Insessores, and Baptores. 

BEPTILIA. 

Crocodilus sp. 

Varanus dracaua. 

Agama ? 

Locerta P 

* Ophidia, several sp. 

• * Emys sp. 

* Phelone sp. 

AMPHIBIA. 

Kana sp., small. 

Ditto sp., very large. 

Bufo? 

In their mode of occurrence, the bonee, &c., collected during Lieutenant Foote’s 
second season presented the same features as those of the first. Most of the 
bones and teeth occurred detached, and many of them had been cut or broken 
before being entombed in the several caves. Of the few large bones found, the 
most important belong to the genera Rhinoceros, Bos, and Equus. 

Of the larger teeth collected, there are a fair series of Rhinoceros and Equus. 
Of bovine ruminants, of Sus and Hystrixmany teeth were collected. Very large 
quantities of small bones left in the caves by bij^ds of prey making their castings 
were found in almost all the layers of cave earth removed, as w.i.8 the case in the 
earlier excavations. 

As before, no traces were found of the continued residence of man or of large 
No signs of continued carnivora in any of the caves. No cooking-places of any 
residence of roan or large size were found, though hero and there scraps of charcoal 
animals. ^j. ashes occurred, nor was any pottery met with in 

any of the lower lying beds. Only very few calcined or charred bones were found, 
and they were in the superficial deposits of the Cathedral and Purgatory. 

As in the Charnel House the bones found in the Cathedral were washed in 
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from behind through passages communicating with the surface of the plateau 
above, and the main stream flowing through the body of the Cathedral caflon 
seems to have deposited only barren strata of sandy and stony character. 

Of the streams which filled tlie Cathedral, one flowed in from the et^, enter¬ 
ing the apse close to the north side of the high altar, the other entered from the 
south through the Corridor. It is not improbable that another passage enter¬ 
ed the apse of the Cathedral from the sputh-east, but is now hidden by tho great 
stalagmitic mass of the high altar. 

Of the cut bones a consideitibl.) number are so shaped as to necessitate the 

Bone iin 1 monts conclusion that they wero fashioned for special purposes ; 
^ ’ others, and they are much more numerous, though often 

elaborately cut, ai*o so vaguely shaped that it is hard to conceive their having been 
prcj)ai'ed for any definite object; they rather suggest tho idea that tlioir fashioners 
were simjdy amusing themselves as they whittled them. 

Besides those trimmed bones most of the largo bones found, and many of the 

Nondescript cut bones smaller ones as well, show signs of man’s agency in having 

been cut and scraped, and often to a great extent. 

All the largo bones had been set aside and registered as they were exhumed 
in tho caves, also a largo number of smaller bones and'teeth; but a more careful 
examination of the numerous parcels of small bonc.s brought from Billa Surgam, 
which examination could not bo undertaken on tho spot, has yielded many hun¬ 
dreds more of important bones and teeth and cut bones of medium and small sizes. 
There can bo no doubt, however, that yet many more will i-eward the exhaustive 
examinab.o.i, to which they Avill have to be submitted by the pal-osteologist, by 
whom the whole series of ‘ finds ’ is to be worked out finally. 

A census of the selected and registered specimens shows them to number 
4,700 in round numbers, of which 3,000 are bones or teeth 
sciected tl’immed bones. Of these latter 

some 200 may be considered to represent I’eal implements 
prepared with a definite purpose. Of the remainder it is hard to say with what 
object tliey were trimmed into the shapes they now show. 

None of the implements with which tho cuttings wei’e effected were mot with 

Cuttings probably caves, but from tho peculiarity of tho cut surfaces 

efFucted with stone iin- which are very scratchy, not clean and smooth, it is diflicnlt 
pleinents. resist the inference that the implements used wore not 

made of metal but of stone. The cuts show that the implements were used much 
more with a sawing or heavy scraping action than with a chopping one. • None of 
tho bones, so far as I have examined them, show the splitting off of chips beyond 
tho cut which invariably accompanies tho action of heavy metal implements. 

Bones showing the marks of teeth of carnivora are not very numerous, 
nor do many show the grooved markings made by the teeth of rata and other 


rodents. 

As stated above, no stone implements were found, though Lieutenant Foote, 
who is quite familiar mth such antiquities, devoted very 
fowd*^*** special attention to the search for them and examined per¬ 

sonally many thousands of stones turned up daring the 
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excavations, besides exhibiting typical implements both paleeolithic and neolithic 
to his diggers. One ]iossiblo implement may be admitted in the shape of n tiny tri¬ 
angular flake of transparent quartz found by Lieutenant Foote during his first 
season at the caves. Such flakes have unquestionably been converted into drills 
by neolithic and other peoples. 

Among the -worked bones shaped for specific purposes, 
Chnractor of bone im- jirn-r , ^ -ii 

plemeiits, following ionns /appear to be recognizable :— 


Awls. 

Arrow bonds, uiibaibed. 

Ditto with one barb. 
Spear or linqioon heads, siuuU. 
Dugger. 

Semper knives. 

Scrapers. 

Chisels. 

Dougo. 

AVodges. 

Axo Iliads. 

Sockets, donhh', large and small. 
' Ditto, single. 


The most rcmarkalilo of those implements is the gouge, already described in 
my second paiier on the co ves, and the dagger which is made of the calcaneuni 
of some largo (ruminant ?) animal. The calcaneum proper is the handle, and 
the narrow blade of the inqilement is cat out of the united fibuja, andXibia. It 
would bo a formidable weapon in the hand of a strong man. 

None of the supposed arrow or haiqioon heads show more than one barb, which 
appears alwaj’s to bo basal, but a niimlier of them are rudely waved as if antici¬ 
pating the lilalay Kriss. 1’ho supposed whistle is a digital bone, apparently 
of an antelope, of -which the dislal end has been cut off. It is not an effective 
whistle, and might very po.s.sibly have been intended as a handle to some small 
boring implement. 

These cut bones are being sent to Europe together with the other cave trea¬ 
sures, as no collections of prehistoric bone implements exist in India with which 
to compare them. 

A single cylindrical bead fairly well shaped, made of some dark brown material 
(possibly bone), was found in the upper layer of cave earth C in the Catliedr.T.1 
cave ; it was nssoci.ated with numerous hones bi^t no other articles of human work- 
ship. The perforation of the Lead is "well drilled, and the aj irture at each end 
slightly enlarged by the use of a larger sized drill. 

It IS impossible to describe these implements more fully unless they were 
figured, which 1 trust they will bo in the full memoir to be drawn up about the 
Kumool caves. 


As to further explorations of the Hi 11a Surgam caves, I think the excavations 


AAvioakilit; of farther 
exploration. 


should certainly be continued so far as to remove the re¬ 
mainder of the red clay Cd from the Corridoj; and Fairy 
Chamber. Further exploration of the Billa Surgam and 
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other caves should be carried out by a prehistoric Archaeological Survey Depart¬ 
ment, for which there is a very large field of work in the south of India. 

Several other caves being known by report in other parts of the Kumool 
. .. , District, of which it was desirable to have some positive 
information, Lieutenant Foote and I devoted the Christ¬ 
mas week (1884) to visiting them. The following caves were seen by us:— 

1. A group of small caves lying 3«miles north of Hilla Surgam, and known as 
the lloganpalli caves. 

2. T’vvo small caves lying south -west of Owk, in the south-western part of Koil- 
ktinila Tahnp 

3. A little cave in the centre of the village of Billam, in Banagaupalli State, 
and oxjioscd at the bottom of a well. 

4. A large and important cave about a mile south-west of Billam village. 

5. A deep well-like chasm into which a long llight of steps descends to the 
sacred spring of “ Ncla Billam,” about 6 miles north-cast of Tarpatri. The two 
Owk caves, the little Billam cave, and tlie ” Ncla Billam ” cave, are full of water 
in their lower passages as far as we could explore ; but the great Billam cave is in 
wet weather a subterranean water-course travcrsc'd b}" a furious torrent. 

Two other caves west of Gorlogunta, near Billa Surgam, wero visited by Lieu¬ 
tenant Foote early in 1884. Of all these caves the Boganpalli group alone seems 
to promise good results to future explorers. 

In conclusion 1 would remark that Lieutenant Foote carried out his work with 
great zeal and tact, and no little devotion to duty, for he was working in a deso- 
hale oiit-oi'-the-way valley out of reach of civilisation and all society. For, except¬ 
ing myself for a few days, he saw no European for months together, which is no 
small ti>ial to a young man fresh from all tlio gaiety and life of Bombay. 

Besides ihe excavation work Lieutenant Foote took a number of very success¬ 
ful photographs of the Billla 8urgam and other caves which ho had not been 
able to do with the largo wet-plate camera lout liiin by Government dui'ing his 
first sciison. 


On the mineral hitherto known as Nepaulite, by F. R. Mallist, Superintendent, 

Geological Survey of India. 

In 1853 a rather largo collection of rocks and minerals from Nepdl was 
presented by General Jung Bahddur to tho Asiatic Society of Bengal. The 
greater part of these wore found by Mr, H. Piddington, Curator o? tho Society’s 
Museum of Economic Geology, to be of no value, but one ore attracted his atten¬ 
tion as lieing unfamiliar, and was subjected by him to examination and analysis.^ 
Tho mineral was said to have been found in considerable qiiantitie.s not far from 
Kbatmandu, and, being easily fusible, to have been used for casting into cannon 
balls, which, however, flew to pieces on being fired. Mr. Piddington described 
tbe mineral as a carbonate, mainly of bismuth, copper and iron, and pronouncing 


' Jour. As. Soc. Bengal, Vol. XXIIf, p. 170. 
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it to bo a new species, gave it the name of ‘Nepaulite,’ from the country whence 
it had been sent.' The analysis given by him is as follows:— 


Mutallio 

about 


Rnlpbur 

. 

• 



1-60 


Silex .... 

• s 




360 


Carbonate of Protoxide of Bismuth 

• • 



3t-HO 

24-6 

Carbonate of Copper 

• 

• • 



2-.J-06 

U-40 

Per-Carbonato of Iron . 

• • 




26-62 

921 

Ox : Cerium 





9-4f) 


Lanthanum P . 

• s 




2-80 



100-78 

Also traces of silver. 

Mr. Piddington described the mineral ns having a metallic lustre. “ In external 
appearance it resembles exceedingly some of the varieties of granular and massive 
plumbago, or antiraonial ores, which, at a first glance, and where the quart?, 
matrix has no blue stain, it might well be mistaken for. The fresh fracture is of 
course somewhat brighter and more steely than the old surface, which like that 
of the plumbago ores is of a dulh'r black, though always witli a good metallic 
glance.” But ho makes no allusion to the remarkable peculiarity that ‘ Nepaulite ’ 
differed in this respect from all previously known native carbonates, the lustre of 
which is, without exception, non-mctallic. This fact was in itself sufficient to cause 
some suspicion as to the correctness of the analysis given. 

In 1806 the geological and mincralogical collections of the Society were 
handed over to Government, and in 1876 were transferred to the Geological Mu¬ 
seum. Daring the arrangement of our economic collections I submitted the 
specimens in question to an examination, which, though very partial, was sufficient 
to prove that the ore contained a large proportion of sulphur, and also of antimony, 
and that the analysis quoted above could not possibly be correct. It is, however, 
only recently that I have been able to examine the substance more completely. 

The mineral has a metallic lustre, iron-black colour, and dark brown streak 
•dightly tinged with red. It is uncrystalliscd, and occurs irregularly through a 
somewhat translucent quarta-rock, which has a granular structure, with apparent 
traces of foliation, suggestive of its being a metamorphic quartzite rather than a true 
vein-stone. Azuritc, malachite, melaconite, cervantite, smithsonito, ochre, calcite, 
&c., occur in association with the sulphide ore, most of them being prokibly results 
of its altoi-ation. The sulphide is so mixed up with the gangue that it was only by 
laborious picking that enough could be separated for an analysis, which gave— 


Sulphur. 

Antimony. 

Araonir ..... 

Copper . 

Silver ..... 

Lead ..... 

Iron ...... 

Zinc...... 

, 'Calcium carbonate 
Magnesium „ ... 

Insoluble gangue . . 

^Oxygen, carbonic acid, water & loss 


21-12 

26-17 

1- 32 
88-69 
traces 

-30 

5-33 

2- 44 
1-07 

*13 

•68 

8‘76 


100-00 
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The oxygen, carbonic acid, and water are due to malachite, azurite, and mela- 
conito, from which the sulphide ore could not bo wholly freed. Cervantite was also 
not improbably present in small quantity, although, like the calcium carbonate, not 
visible to the eye. The numljer of minerals of apparently secondaiy origin in 
association with the sulphide, and the somewhat large proportion in which they 
occur, seem to indicate that the specimens were obtjiined from near the surface. 
Hence it is not unnatural that the sulphide siiould be in a somewhat altered condi¬ 
tion. As an indication of the exact composition of the fresh and unchanged 
nuneral, the analysis is therefore unsatisfactory, but it suffices t<j show beyond all 
doubt that the mineral is tetrahedrite of a common typo. The above figures 
correspond to the formula U 4 (Sb A 8)2 Sg ■= (Sb As) 3 j S^, the excess of metals 
over the proportion required for the formula R 4 (Sb A 8)2 Sy being certainly in 
part, and probably wholly, due to the occurrence of some of them partly in an 
oxidised state, owing to the alteration of the mineral just alluded to. 

Considering the wide discrepancy between the preceding two analyses, the idea 
may perhaps suggest itself that they rcfqr to altogether different specimens. But 
those which I examined were handed over to Government direct from the Asiatic 
Society’s Museum; they agree in their general outward appearance with the descrip¬ 
tion given by the author quoted, and when they came into our possession the 
word ‘ Nepauhte ’ was found marked upon them in oil paint. 


Notice of the Sabetmahet Meteorite, by H. B. Medlicott, Geological Survey of 

India. 

Sabetniahet is a small village in the Gonda district of Oudh, close to Muthura- 
ghat on the Rapti, about 11 miles north-west of Balrampur, approximately at 
82° 7' E. Long, and 27®-35' N. Lat. The fall occurred on the evening of the 
16th of August 1885. The stone is an uverngo oligo-siderolite, I'.e., having but a 
moderate admixture of meteoric iron, and soj under the circum.stanccs explained 
in the following extracts of correspondence, there was no occasion to press the 
claim for surrender. The weight of the whole stone is given as 21bs. 13*77 
ounces (1297‘04( grammes). A very small portion was sent as a samjilo— 


Larger piece . . . . 

a 

. 

• 

. I'.iE grammes 

Smaller piece . . . . 

. 

. 


•62 

Aliunte fragmentf), aggregating 


• 

• 

■80 


Total . 2‘84 crammea. 

The record is only worth publishing to illustrate what honour meteorites 
receive among our “Aryan brothers” of the period in Hindustan. The story 
moreover exemplifies a universal evil—the influence of priests and •through them 
of women in dragging men to superstition: yet, 

l)as Ewig-Weibliche 
Zieht uns hinan. 

Extract of a letter from the Dejjuty Commissioner of Qomla, dated 5th September 

1885. 

“ The stone was brought in from Balrampur piously wrapped in a cloth and 
carried by Brahmans. It was decked with flowers and it had been doily smeared 
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nil over with glieo [clarified buttorj which made the amooth exterior look quite 
the colour of iron, and it had been subjected to frequent puja [coremonial 
worship ] and coatings of sandal wood powder, which latter I carefnlly washed off. 
The villagers, where it fell, had started a subscription to build a shewala over 
the aerolite, which was looked upon as a Malnuleo, and the Mahiirani with her 
accustomed liberality had promised money assistiineo for the qonstruetion of the 
shrine. * * * «; * * * 

“ In the present instance 1 can very clearly see that to take this ac'rolite from 
the superstitions vilhigers who have obtained possession, and w'ho have been for 
<lnys doing pnja to it, would cause to them the most profounil disa})|)olntnient 
and sorrow. 1 believe, too, the Miiharani on whose estate it fell having evinoi'd 
her superstitious sympathy by giving a moiujy subscription would with tho 
poo 2 )le feel hurt if the aerolite were a])pi’opriateil by the Government.” 

Extract from the cviilctice of tho man who saw the stone fall owl dng it out; attested 
hg the Deputi/ Commissioner, dated Hrd Sejitemher 1SS5. 

“ On Sunday, at a (luarter after imi., I made over the stone to Gnr Pnrshad 
Goi-ia and went home. It was of a kurikiir colour up to that time [no doubt 
from adhering clay]. ISTcxt morning people assembled, and Mahesh Pandit akso 
came, Gur Pui-shad washed the stone; the Pandit then siiid that he (Gur Purshad) 
ought to worshi{» il. A terrace was then made at the same jdace where the stone 
had fallen, and it was put on it. On Monday moniing when 1 saw it, it was of a 
kuukur colour. The more it was worshiijpod tho more it became black.” 


ADDITIONS TO THE MUSEUM. 

From 1st July to .Syrit Skutejiim:k 1 SS,>. 

Five specimens of Eozoon Ciiuadensc, from Sir William Dawson, Mimtroal. 

PjlJiSBSTEn UY If. E. TUB C'ol'NTBSS OF DuFFEKJJf. 
A sample of fire cliaj' from M.'iiignip, Meyw.'ir, Uajpiilaiia. 

pRBSBNTBO BY COLOMEL 0. K. M. WaLTEM, IIKSIDGMT, MkYWAH. 


ADDITIONS TO THE LIDllARY. 

From Isr July to 30 iu Sevtkmbeb 1885 . 

Titles of Books. ^ Donors 

AsMBUttNEB, Qharles A .—Hricf description of the Anthracite Coal-fioids of Pennsylvani.a. 

8“ Pam. Piiiladelplim, 1881. The Author. 

Bell, t. Lowthian .—Principles of the manufacture of Iron and Steel. 8“ London, 1884. 
Bbonn's Klasseu uiid Ordimngen des Thier-Reichs. Band fl, Porifera, Lief. 8—10; and 
Band Vf, Abth. Ill, lleptili'.;ii. Lief. 40—47. 8° Leipzig, 1885. 

Chateb, JbsepA.—The Indian Coal mines: is legislation neeessniy to regulate ttoir work¬ 
ing P 8“ Pam. Calcutta, 1883. The AuTHOB. 

Encycloprcdia Britannica. 0th edition. Vol. XIX. 4* Edinburgh, 1885. r 

Fritz, 11 .—Die Sonne. 4" Pam. Basel, 1885. Natural History Society, Zurich. 
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THltsa of Books. Donors. 

(•UHBRt, Dr. C, W. —Ueber zwpi jnraRaiscbe vorlaufer des rorftminiferen-GescbleclitPB 
Nuinmuliua niid Orbitulilcs. 8® Pam. Thb AoTHOB. 

HiTCircoCE, Edward. —On certain points in the geology of Massncbusctts. 8® Pam. 

Ambenst, 1853. Statr Libsaky of Massachusetts. 

.1AONAUE, Raoul. —Traitd de Mindralogio appliqnda aux arts, a I’industrie, an commerce et 
a ragricultnre. 8° Par^, ]88o. 

Judd, John W.—On the tertiary and older Piridotitcs of Scotland. 8” Pam. London^ 

1885. Titr Author. 

MBncALX.!, (7tJM<'jM^e.~Suir eruzione iCtnea del 22 Marzo, 188:1. 8® Pam. Milano, 1883. 

TifE Author. 

,, Sulla natnra del terrcinoto ischiano del 28 luglio 188.3. 8® Pam. 

Milano, 1881. The Author, 

„ Su iilcnne roeco eruttive com]»rese tra il Lago Maggioro o qiiello 

d’Orta. 8° Pam. Milano, 1885. The Author. 

Moboans, William. —Manual of Mining Tools. With atlas of engravings. S° and 4®, 
London,1871. , 

Mueller, Errdinando de. — Index perfectus ad Caroli Liniuci species plantarnm. 8® Pam. 

Melbonvnc, 1880. Tub Author. 

Nobtling, Fritz. —Ueber Orustacoen ans dera Tertiiir Aegyptens. 8® Pam. Kdnigsberg, 1883. 

The Author. 

Paleontologie Fran(;.'«ise. U'' sdrie Aniraavix Invertebrds, Terrain Jurassique. Livr. 78. 
8® Paris, 1SS5. 

Quenstedt, Fr. Aug. —liaudl)ueb der I’etrefahtenkunde. AnIlagcIII, Lief. 23. 8® Tiibingen, 
1885. 

Seientific results )f tbe Second Yarkband Mission; Araucidia. By the Revd. O. P. Cam¬ 
bridge. 4° Calcutta, 1885. Coveusaient of India. 

Sodddeu, Samuel 11. —Nomcnelator Zoologiens. 8® Washington, 1882 — 1881. 

Taramelli, T. and Meiicalli, CS. —Kelazioae 8)illo osservazioni fatio durante un viaggio 
nello regioni dellaspagua coli>ite dagli ultimi ttnieuioti. 8° Pam. Ihnn.a, 
18S5. * I’nE Authors. 

Thomson, Sir C. Wgrilte, ami Muuhat, John. —Report ou the scientific results of the 
voyage of 11. M. S. Challenger during the years 187:1—78. Narrative. 
Vol. I, pts. 1-2; and Botany. Vol. I. -1® London, 1885. 

Secretary of State fob India. 
Villa, Giovanni Battista. —Rivista geologica del terreni della Brianza. 8° Pam. Milano, 
188-5. The Author. 

ZiGNO, Achille de.'-YXova. fossilis formationis Oolitliicui. Vol. II, pts. 4 —6. 4" Padova, 
1885. 

ZcTTSL, Karl At.—Handbnch der Palseontologle. Band I, Abth. II, Lief. 4. 8° Miinchen, 
1885. 


PERIODICALS, SERIALS, Ac. 

American Journal of Science. .3n.l series, yol. XXIX, No. 174, to Vol. XXX, No. 176. 

8° New Haven, 1885. The Editors. 

American Natnrnlist. Vol. XIX, Nos. 4—6. 8® PhilaQelphia, 1885. 

Annalcn der Physik und Chemie. None Folgo. Band XXV, heft 3—4. 8® Leipzig, 1886. 
Aunales des'Minos. 8“* sdrie. Vol. Vll, livr. 1—2. 8® Paris. 1885. 

L’Admins. DK8 Mines. 
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Titlee of Bookt. Donors. 

Annalea doa Sciences Gdologiqnes. Vol. XVI, Nos. 3—4. 8“ Paris, 1886. 

Aunales des Sciences Natnrellea. Botanique. 7"* sdi'ie. Tome 1, Nos. 1—6. 8" Paris, 
1885. 

Annalea dea Sciences Naturelles. Zoolugio et Paldoiitologie. G"* sdrio. Tome XYIII, Nos. 
4-6. 8" Paris, 1885. 

Annals and Magazine of Natural History. 5th series. Vol. XVI, Nos. 91—93. 8° London, 
1885. 

Archiv fur NaturgescLiclite. Jahrg. L, heft 6., and LI, heft 1. 8“ Berlin, 1884 and 1885. 

Athenmum. Nos. 3007—3019. 4° London, 1886. 

Boiblfitter au den Annalen der Phj'sik und Cheinie. Band IX, Nos. 6—8. 8“ Leipzig, 1886. 

Bibliothcque Universelle. Archives des Sciences Physiques ct Naturelles. 3““ pdriodo. Tome 
XIII. Nos. 4—6. 8“ Geiibve, 1885. 

Bibliotbhque Universelle et Uevne Suisse. 3”“ pdriode. Tome XXVI, No. 77 to XXVII^ 
No. 80. 8° Lausanne, 1885. 

Botanischer Jahresbericht. Jnhrg. X, Abth. II, heft 1. 8® Berlin, 1885. 

Botaiiiscbes Centralblatt. Band XXII, Nos. 10—13, and XXII I, Nos. 1—9. 8® Cassel, 1885. 

Chcn\iGal News. Vol. LI, No. 1333 to Vol. LIl, No. 1315. 4® London, 1885. 

IJolliery Guardian. Vol XLTX, No. 1267 to Vo!. L, No. 1288. fol. London, 1885. 

Das Ausland. Jalirg. LVIII, Nos. 23—34. 4® Stuttgart, 1885. 

Geological Masrazine. New series. Decade III, Vol. II, Nos. 7 —9. 8® London, 1886. 

Iron. Vol. XXV, No. 648 to Vol. XXVI. No. 660. fol. London, 1885. 

Jiihreshefte des Vereins fur vaierlandische Naturkunde in Wurtteuiberg. Jahrg. 41. 8® 
Stuttgart, 1885. 

Journal do Conchylitjlogie. S'"® serie. Tome XXV, Nos. 1—2. 8® Paris, 1885. 

Journal of Science and the Arts. Vols. 1—6. 8® London, 1816—1819. o-i 

Quarterly Journal of Literature, Science and Arts. Vols. 7—29. 8® London, 1819— ]830. 

Index to the first twenty volumes of the Quarterly Journal of Science and the Arts. 
8*^ Iiond«)n, 1826. 

Journal of Science. 3rd scries. Vol. VII, Nos. 137—139. 8® London, 1885. 

Thk Editok. 

London, Edinburgh, and Dublin Pbilo'sophical Magazine and Journal of Science. 5tb 
series. Vol. XX, Nos. 122—124. 8“ London, 1886. 

Mining Journal with Supplement. Vol. LV, Nos. 2598—2610. fol. Loudon, 1885. 

Naturte Novitates. Nos. 12—16. 8® Berlin, 1885. 

Nature. Vol. XXXII, Nos. 816—827. 4® London, 1835. 

Nouea Jahrbuch fur Mincralogie, Geologie und Paltcontologie. Jahrg. 1886. Band II, heft 
1—2. 8® Stuttgart, 1885. 

Palaeontographica. Band XXXI, lief. 5—6. 4® Cassel, 1885. 

Petermann’s Geograpbiscbe Mittheilnngen. Band XXXI, Nos. 6—8. 4® Gotha, 1885. 

„ „ Supplem^it Nos. 78—79. 4® Gotha, 1885. 

Professional Papers on Indian Engineering. 3rd aeries. Vol. Ill, No. 10. Fisc. Boorkee, 
1885. Thomason College of 0. Enqinkbking. 

Quarterly Journal of Microscopical Science. New series. Vol. XXV, No. 99, and Supple¬ 
ment, 1885. 8° London, 1885. 

Zeitschrift fur Naturwissensebaften. Folge 4, Band IV, heft 2. 8® Halle, 1885. 

GOVERNMENT SELECTIONS, REPORTS, &c. 

Bengal. —Quarterly Bengal Army List for July Ist, 1886. New series.! No. 93. 8* 
Calcutta, 1885. Goveenmbnt of India. 
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lilies of Books. Donors. 

Bohuat. —Selections from the Records of the Bombay Government. Now series. Nos. 166 
and 170—173. Fisc. Bombay, 1885. Bombay Govksnmbnt. 

British Burma. —^Annual report of the lif^hthouses off tho coast of British Burma fof 
1884-85. Flbc. Rangoon, 1885. Chibf-Commissiohrr, British Burma. 
India. —Descriptions of the meteorological stations nf Oalcntta (Alipore), Lucknow, Lahore, 
Nagpur, Bombay (Colabq^, and Hladras. 4” Calcutta, 1885. 

Government of India. 


Indian Meteorological Memoirs. Vol. II, part 4. 4° Calcutta, 1885. 

Government of India. 

Meteorological observations recorded at six stations in India in 1886, reduced and 
corrected. January to April 1885. 4° Calcutta, 1885, 

Government of India. 


„ General report on the operations of tho Survey of India Departipent during 1883-84. 

Fisc. Calcutta, 1885. Government op India. 

„ List of officers in the Survey Departments, coirected to Ist July 1885. Fisc. Calcutta, 
1885. Government of India. 

„ Government of India. Civil budget estimate for the year 1885-86. Fisc. Calcutta, 
1885. Government of India. 

„ iteview of tho accounts of the sea-borne trade of British India for tlie year end¬ 
ing 31st Mai'ch 1885. By J. E. O’Conor. Fisc. Simla, 1885. 

Government of India. 

„ Review of the forest administration in British India for 1883-84. By B. Ribben- 
trop. Fisc. Simla, 1885. Government of India. 

„ Selections from the Records of the Government of India, Foreign Department. 

No. 202. Fisc. Calcutta, 1885. Government of India. 

Madras. —Administration report of the Meteorological Reporter to the Government of 
Madras for 1884-85. 8® Mach-as, 1885. Madras Government. 

„ Magnetical observations made at the Madi'iis Observatory in the years 1851-1855. 

4° Madras, 1884. Madbas Government. 

„ Report on the agricultural operations on Mr. C. Kristnasawmy Mud:tliar’.s 
estate at Shiyali. 8° Pam. Madras, 1885. Madras Government. 

„ Telegraphic longitude dcteimiuatious in India. 4® Madras, 1884. 

Madras Government. 

North-Western Provinces. —Civil statements of the North-Western Provinces for 1884% 
with prefatory note. Fol. Allahabad, 1885. 

Government of the North-Western Provinces and Oudh. 

„ Report on the administration of the Northern India Salt 

Revenue Department for 1884-86. Fisc. Agra. 1886. 

Commissioner, Northern India Salt Revrnub. 


TRANSACTIONS, PROCEEDINGS. Ac.. OF SOCIETIES, SURVEYS, &c. 

Batavia.— Notulon van de Algemeene en Bestuursvergaderingen van het Bataviaasch 
Genootschap van hunston on WetenschRppcu. Deel XXill, Ail. 1. S® 
Batavia, 1886. The Society. 

„ TijdBchrift voor indische Taal-Land-en Volkenknndo. Deel XXX. Ail. 3—4. 

8® Batavia, 1885. The Society. 
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Titles of Books. Donors, 

Batavia. —Verhandliingeu van bet JlataviaaRch Genootschap van kunaten cn Wetcu- 
sobappen. Deei XLV. Afl. 1. 8* Batavia, 1886. The Society. 

Deelin. —Zeitaebrift dtr Deiitscbcn Geologischen Gescllsihaft. Baud XXXVII, heft 2. 

8*^ Berlin, 1885. The Society. 

Boston. —Report to the Legislature of Massachusetts made by the Commissioners appointed 
under Resolve, chapter CO, 1384, upon llie files, papers, and documents 
in the Secretary's department. 8® Boston, 1885. 

State Libhaby of Massachusetts. 
Bbeslau. —Zweiundsechzigster Jahres-Bericht der Schlesischen Goscllschaft fUr vatorliind- 
ische eultur. 8® Brcsl.au, 1885. The Society. 

Bbisbane. —Proceedings of the Royal Society of Queensland. Vol. I, pts. 2-4. 8" 

Brisbane, 1884-1885. The Society. 

Bbistoi.— Annual report of the Bristol Naturalists' Society for the year ending 30th April 
1886, with list of members, &c. 8“ Bristol, 1886. 

The Society. 

„ Proceedings of the Bristol Natur-alisls’ Society. New scries. Vol. IV, part 3. 

8° Bri.stol, 1886. The Society. 

BBUSSELS.—’Annuaire do I'Academie Royale dc Belgique. 8“ BnixcllcB, 1884-1886, 

The Academy, 


j, Bulletins dc I'Academie Royale des Sciences, des Lett res de Belgique, S'”* eerie. 

Vols. VI—VIII. 8® Bru.xclles 1883-1884. The Academy. 

„ Mciuoircs Couronm's el autvi's Meinoircs publics par I’Academie Royale dc& 
Sciences, des Lettres dc Belgique. Tome XXXVI. 8^' Brux^ll s, 1884. 

The Academy. 

„ Memoires Conrounes et Mdmoircs des Savants I^trangers publics par I’Academie 
lioyalo des Scieuce.s, des Lettres de Belgi(pic. Tome XLVI. 4° Bruxelles, 
1884. ' The Academy. 

,, Memoires de I’Academie Royale des Sciences, des Lettres dc Belgique. Tome 
XLV. 4“ Bruxelles, 1884. The Academy, 

„ Bulletin dc la Societe Ro}'alc Beige dc Geographic. Annee IX. Nos. 2-3. 8® 
Bruxelles, 1885. The Society. 

bUDAl’EST.—Naturhistorischc hefte, herausgegeben vom IJngurischen National Museum. 

Band X, No. 2. 8° Budapest, 1886. The Museum, 

Buenos Aibes. —Rolctin do la Academia Nacioual de Ciencias en CordoW (Republica 
Argentina). Vol. VII, Nos. 1-2. 8® Buenos Aires, 1884. 

Caicutta. —Calcutta University Calendar, 1884-86, 8° Calcutta. 1884. 

* H. B. Meducott, Esq, 

„ Journal of the Asiatic Society of Bengal. New series. Vol. LIV, part II, 

Nos, 1-2, 8° Calcutta, 1885. The Society, 

„ Proceedings of the Asiatic Society ef Bengal. Nres. 4-7. 8® Caicutta, 1885. 

The Society. 

„ Palreontologia Indica, Series X, vol. Ill, part 6, and XIII, vol. I, part 
4 (fasc. 5.) 4® London and Ciilcutta, 1885. 

Oeolooical Subyey of India. 
„ Records of the Geological Survey of India. Vol. XVIII, part d. 8° Calcutta, 

1886. Geoiooical Subyey of Indu. 
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Titles of Books. Donors, 

CitcuTTA.—Report on the Archnoological Survey of India. Vol. XX. 8* Calcutta, 1886, 

Govebxhbht of Tnhia. 

„ Survey of India Department. Notes for May, ,Iune, and August 1885. Fisc. 

Simla, 1885. StrsvET of India. 

Cambbidob, Mass. —Bulletin of the Museum of Comparative Zoology. Vol. XI, No. 11, 
and XII, No. 1. 8° Cfeiuhiidge, 1885. 

Museum of Comparative Zooloqt. 
Christiania. —Norwegi.sche Commission dor Europaisclicn Gradmcasung. Vandstandsob- 
servntioner, heft 111. Oeodsitischo Arbeitcu. liefi IV. 4° Christiana, 
1885. The Commission. 

Cincinnati. —^Journal of the Cincinnati Society of Natural History. Vol. VIII, No. 2. 8" 
Cincinnati, 1885. The Sooietv. 

COPENHAOEN.—Mdmoires de I’Acadeniio Royalo do Copenhague. 6"'* sdrie. Vol. I, 
No. 11, and II, No. 7. 4° Kjobenhiivn, 1885. The Academy. 

Ovensigt over dot Kongeligq Danske Videnskabernes Selskabs. No. 3. 
(1884), and No. I (1885). 8" Kjobeiihavn, 1885. The Academy. 

Denver, Couobado. —Proceedings of the Colorado Scientific Society. Vol. I. 8® Denver, 
Colorado, 1885. The Society. 

DuniiiN.—Report of the Director of the Science and Art Museum, Dublin, for the year 1881. 

8" Dublin, 1885. The Museum. 

„ Report on the Miuscums of .'»merica and Canada. By V. Ball. 8® Dublin, 1885. 

The Museum. 

EDiNBur'7H.—Transactions of the Edinburgh Geological Society. Vol. V, part 1. 8* 

Edinburgh, 1885. The Society. 

GIiASGow.—G lasgow University Calender for 1885-8(5. 8^^ Glasgow, 1885. 

The U.viveksity. 

Proeoeiliiigs of the Philosophical Society of Glasgow. Vol. XV'I. 8® Glasgow, 
1885. , Tuf. Society. 

,, Ti aii-sactious of the Geological Society of Glasgow. \'ol. 11, part 2. 8“ Gl.osgow, 
1885. The Society. 

Gottingen. —Abhandlniigeu der Kimigliclicn Gcsellschaft dcr Wissenschaflcn zu Gottingen. 
Band 1—XII. 4'’ Gottingen, 184:1-18(50. 

„ Naclirichlcn von dcr Konigl. Gcselischalt der Wissenschaften. Nos, 1—13. 

8® Gottingen, iSSt, The Society. 

Harrisburg. —Reports of the Second Geological Survey ot Peiinsylvonia. AA, AA Atlas, 

AC Atlas, D® Atlas, and G* and 8° Harrisburg, 1880, 1882, 1883, 
and 1881. The Survey. 

Konigsbero. —Scliriften dor Physikalisch-Okouomischen Gcsellschaft. ,.Ialirg. XXV, 

Abth. 1 — 2. 4“ Konigsborg, 188'l-85. The Society. 

Lisbon. —Recueil do Monographies Stratigrapliiqnes sur lo Systbmo Crdtaeiquc du Portugal. 
1*' Etude. By Paul Choffat. 4“ Pam. Lisbonne, 1885. 

SkCTH'S DES TuAVAOX GKOtOGHiUES DU PORTUGAL, 
London.— Journal of the Anthvopohigical Institute of Great Britain and Ireland. V ol. XIV, 
No. 4. 8“ London, 1885. ** 

„ Journal of the Linnean Society of London. Vol. XVII, Zoology, No. 103, and 
XVIIl, No.s. 101—107; and Vol. XXI, Botau 3 ', Nos. 134—1.37. 8“ 
Loudon. 1881—1885. The Society. 



Record* of the Geological Survey of India, [voL. xvni. 


Titles of Books. Donors^ 

Lonpon.— List of Fellows of the Linnean Society of Loudon, 1884-1885. 8** Loudon, 

1885. T HB Society. 
„ Transactions of the Linnean Society. 2nd series. Yol. II, Zoology, paiis 11 and 

13—14', and Vol. Ill, parts 2—3 ; and Vol. II, Botany, part 8.. 4° London, 
1884—1885. The Society. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland. New Bcries. 

Vol. XVII, part 2. 8“ London, 1885. The Society. 

„ Journal of the Society of Arts. Vol. XXXIII, No. 1098—1701. 8° London, 

1886. The Society. 
„ Mineralogical Magazine and Journal of the Mineralogical Society. Vol. VI, 

No. 29. 8° London, 1885. 

„ Philosophical Transactions of the Royal Society of London. Vol. 175, parts 1—2. 

List of Fellows for 1884. 4® London, 1884 and 1885. The Society. 
„ Proceedings of the Royal Society of London. Vol. XXXVII, No. 234, and 
XXXVIII, Nos. 2.35—237. 8® London, 1884-1885. The Society. 

„ Proceedings of the Royal Geographical Society. New series. Vol. VII, Nos. 

5—8. 8® London, 1885. The Society. 

„ Proceedings of the Royal Institution of Great Britain. Vol. XI, part 1, No. 78. 

8® London, 1885. The Institute. 

„ Proceedings of the Zoological Society of London. Part 4 (1884), and part 1, 
(1885). 8° London, 1885. The Society. 

„ Quarterly Journal of the Geological Society of London. Vol. XLI, No. 162. 8® 
London, 1885. The Society. 

„ Report of the 64th meeting of the British Association for the .advailfemeiit of 
science, held at Montreal in August and September 1884. 8° London, 
1885. 

Mapbip. —Boletin de la Sociedad Gcografiea do M.adrid. Tome XVIIT, Nos. 6—6, and 
XIX, Nos. 1—2. 8® Madrid, 1885. The Society. 

Manchebtbb. —Transactions of the Manchester Geological Society. Vol. XVIII, part 10. 

8® Manchester, 1886. The Society. 

Melboubne. —^Annual report of the Acting Secretary for Mines and Water-supply to the 
Hon’ble the Minister of Mines for the year 1884. Fisc. Melbourne, 1885. 

Department op Mines anp Watee-supply, Victobia. 

„ Reports of the Mining Registrars for the quarters ending Blst March and 30th 
June 1886. Fisc. Melbourne, 1886. 

Department op Mines anp Watee-scppiy, Victobia. 
Milan. —Realo Istituto Lombardo di Science e Lettere. Rendiconti. Scrie II, Vol. XVI. 

8® Milan, 1883. « The Institute. 

Minneapolip.— Bulletin of the Minnesota Academy of Natural Sciences. Vol. II, No. 4. 

8® Minneapolis, 1883. The ^Academy. 

Montreal. —Catalogue of Canadian Plants. Part II, Gamopctalse. By John Mocoun. 8* 
Montreal, 1884. 

Geological anp Natural Histoby Survey, Canada. 

r 

„ Geological and Natural History Survey of Canada. Report of Progress for 
1882-83-84. 8® 'Montreal, 1886. The Scbvey. 

NewcastlE'ON-Tyne. —Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIV, parts 3—4. 8°’Newcastle-on- 

Tyne, 1886. The Institute. 
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Nbw Haven.— Transactions of the Connecticut Academy of Arts and Sciences. Vol, VI, 
part 2. 8® New Haven, 1885. The Acadbut. 

Pams.— Bulletin do la Socidtd Gdologiqne de Prance. 3“® sdrio. Tome XII, No. 9 and 
XIII, Nos. 3—5. 8® Paris, 1884-1885. The Sooibtt. 

„ Mdmoires de la Socidtd Gdologique do Prs*'ice. 3"** sdrie. Tome III, No. 3. 4® 
Paris, 1886. » The Society. 

„ Compte Rendu des Stances de la Socidtd de Qdogvaphie. Nos. 12—15. 8® Paris, 
1885. The Society. 

„ Jours de Solitude. 8® Paris, 1883. Royal Academy oe Belgium. 

Penzance. —Transactions of the Royal Geological Society of Cornwall. Vol X, part 7. 

8® Penzance, 1886. The Society. 

Philadelphia.— Journal oF the Pranlclin Institute. 3rd series. Vol. LXXXIX, No. 6, 
and XC, Nos. 1—3. 8® Philadelphia, 1885. The Institute. 

„ Proceedings of the Amencan Philosophical Society. Vol. XXI, No. 116 

to XXII, No. 119. 8® l^iiladelphia, 1884-1885. The Society. 

„ Register of papers published in the transactions and proceedings of the 

American Philosophical Society. By Henry Phillips, Jr. 8® Philadel¬ 
phia, 1881. The Society. 

Pisa. —Atti della Sociota di Scienzo Naturali, Processi Verbali. Vol. IV, pp. 203—230. 

8® Pisa, 1885. The Society. 

Rome. —Brevi Cenni relative alia carta gcologica della isola d’Elba alle scale di 1/25,000 
e 1/50,000. 8® Pam. Roma, 1885. Geological Subvey oe Italy. 
„ Brevi CTcnni relative alia carta geologica della isola di Sicilia alia scaladi 1/100,000. 

8“ Pam. Roma, 1885. Geological Subvey of Italy. 

„ Cenni sulla publicazione della carta geologica d’ltalia per Cura do R. Uificio 
Geologico. 8® Pain. Roma, 1885. Geological Subvey op Italy. 

St. Petebsbubo. —Bulletin of the Geological Commission. Vol. IV, Nos. 3—6. 8® St. 

Petersburg, 1886. The Commission. 

Shanghai. —Journal of the North China Branch of the Royal Asiatic Society. New series. 

Vols. XVIIl, XIX, part 1, and XX, parts 1—2. 8'^ Shanghai, 1884-1886. 

The Society. 

Stockholm. —Bihang till Kongl. Svenska Vetenskaps-Akademiens Handlingar. Bandet 
VI, haftel—2; VII, hafte 1—2; and VIII, hiifto 1—2. 8® Stockholm, 
1880—1884. The Academy, 

„ Kongliga Svenska Vetenskaps-Akademiens Handlingar. Bandet XVIII, and 
XIX, haftet 1—2. 4° Stockholm, 1881-1882, and 1884. 

The Academy. 

„ Lefnadsteckningar ofver Kongl, Svenska Vetenskaps-Akademiens. Band 
II, hdfte 2. 8® Stockholm, 1883, The Academy. 

„ Meteorologiska lakttagelser i Sverige utgifna nf Kongl. Svenska Vetenskapa— 
Akademiens. 2nd series. Vols. Vtr-VII. 4® Stockholm, 1878-79. 

The Academy. 

„ ” Ofversigt af Kongl. Vetenskapa—Akademiens Forhandlingar. Vols. 

XXXVIll-XL. 8° Stockholm, 1881—1884. The Academy. 
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Tokio.—M emoirs of the Science Department, University of Tokio, Japan. Vol. I, parts 1 and 
2 (1879), Appendix to Vol. I, p-irl. 1 (1883), Vol. Ill, part 1 (1880), 
Kos. 4—8 (1881); three Appendices to No. 6 (1883,1884, and 1885), 
and Nos. 9—10 (1883). 4’ Tokio, 1879—1885. 

Government of India. 

Torino.—A tti della R. Accademia dello Scicnzcfdi Torino. Vol. XX, No. 6. 8® Torino, 
1885. The Academy. 

Toronto. —Proceedini^s of the Canadian Institute. 3rd scries. Vol. III. Nos. 1—3. 8° 
Toronto, 1885. The Institute. 

Vienna. —Abhandlun^en dor K. K. Geologischen Reichsanstalt. Rand XI, lief. 1, XII, 
lief. 6. 4“ Wien, 1885. OEOioGiOAt Institute, Vienn.i. 

„ Jahrbueh dor K. K. Geologischen Reichsanstalt. Band XXXV, heft 1-3. 8° 
Wien, 1885. The Institute. 

„ Verharidlnngcn der K. K. Geologischen Reichsanstalt. No. 9. 8° Wien, 1885. 

* The Institute. 

., Die Metcoritensammlung des K. K. Mineralogiachen Ilof-Kabinctcs in Wien. Von 
Dr. Aristides Brezina. 8“ Wien, 1885. The Cabinet. 

Washington.— Bulletin of the U. S. Geological Survey. Nos. 3—6. 8° Washington, 1883 
—1884. U. S. Geological Survey. 

,, Monographs of theU. S. Geological Survey. Vol. III., with folio atlas, and 

Vols. IV and V. af Washington, 1883-1883. 

U. S. Geolooical«Subves‘. 

* 

., Third annnal report of the U. S. Geological Survey to the Secrctiiry of 

the Interior, 1881-82. By J. W. Powell. 8® Washington. 1883. 

U. S. Geological Survey. 

, Compendium of the tenth Census of the Tluihd States. Parts 1 and 3. 

8'^ W.ashington, 1883. * Deit. oe the Interior. 

,, Report of the United States Geological Survey of the Territories. Vols. Ill 

and VIII. 4° Washington, 1883-1884. 

U. S. Geological Survey. 

„ Second annual report of the Bureau of Ethnology to the Secretary of the 

Smithsonian Institution, 1880-81. By J. W. Powell. 8“ Washington, 
1883. The Institute. 

Wellington.— Nineteenth annnal report on the Colonial Museum and Lahoratoiy, together 
with 15th annual report on the Colonial Botanic Garden, 1883-1884. 
8“ Wellington, 1885. GEOLoOiliAL Survey, New Zealand. 

„ 'Transactions and Proceedings of the New Zealand Institute, 1884, Vol, XVII. 

8° Wellington, 1885. The Institute. 

Yokohama.— Mittheilungen der Deutschen Ge.sollschaflnir Natur-und Volkerkunde Osta- 
siens. Heft 33-33. 4° Yokohama, 1885. The Society. 

„ Transactions of the Asiatic Society of Japan. Vol. XII, part 4, and XIII, 
part 1. 8“ Yokohama, 1885. The Society. 

Zilaicn.—Neujahrsblatt heransgegeben von der Naturforschenden Gesellschaft a^f das Jahr 
1883.1884. Nos. LXXXIV to LXXXVI. 4® Zurich. 1882 and 1883. 

The Society. 
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ZufiicH.—Viertcljahrschrifl der Natiirforschenden Gresollschaft in Zurich. Jahrg. XXVI- 
XXIX. 8° Zurich, 1881—1884. Thb .Sooihtt. 


MAPS. 

Carta Geologica d’ltalia. (Isola di Siciliii). Sheets Nos. 248 to 254, 257 to 262 and 265, 
Koma, 1884-1885. Gboluoical Scbvby of 1tai.y. 

Carta Geologica d’ltalia. Sezioni Gcologiche. Sheets 1—^3. Koma, 1884-1885. 

GbOIOGICAI StTBVBY of iTAtT. 

Carta Geologica della Sicilia nella scala di 1 a 500,000. Koma, 1883. 

Geoloqical Sttbvby of Italy. 

Carta Geologica dell’ Isola d’Elba nolla scala di 1 : 50,000. Roma, 1884. 

Geological Suhvey of Italy. 

Carta Geologica dcll’Isola d’Elba nella scala di 1: 25,000, (2 sheets.) Koma, 1884. 

^ Geological Sobvet of Italy. 

Maps of the Geological and Natural History Survey of Canada. Sheets Nos. 1—^24, 
1 N.W., 3 N.K. and N.W., 5 S.W., S.B., and N.W., 6 N.W., 7 S.W., and 
15 S.E. and S.W. 1884. * The Sobvey. 
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